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MEMS OPTICAL COMPONENTS 

CROSS REFERENCE TO RELATED APPLICATIONS 

This patent application is related to copending PCT Patent Applications Ser. Nos. 

5 and Jiaving respective attorney docket 

nos. FP-68000/JAS/SMK and FP-67999/JAS/SMK, with respective titles MEMS 
TRANSMISSION AND CIRCUIT COMPONENTS and RECONFIGURABLE QUASI- 
OPTICAL UNIT CELLS, and filed on June 9, 2000. These copending applications are 
hereby incorporated by reference. 

10 TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to optical networks. In particular, the present 
invention pertains to MEMS (micro-electro-mechanical system) optical components that are 
integrated together on an integrated MEMS chip to fonn an optical device used in an optical 
network. These MEMS optical components are monolithically fabricated on the chip, self 
15 assemblable on the chip, and, in some cases, reconfigurable or moveable on the chip. 

BACKGROUND OF THE INVENTION 

Optical communication using WDM (wavelength-division-multiplexing) techniques 
is a very attractive and economical solution for the bandwidth needs expected for Intemet, 
video, and multimedia services. The broadband feature of optical communication provides 
20 transparency in optical networks where optical signals can cany independent signal formats 
without interference. For example, in the same optical fiber at the same time, a first carrier 
signal with wavelength Q.e., channel 1) could carry analog frequency multiplexed signals, 
a second carrier signal with wavelength A-j (i.e., channel 2) could carry a 2.5-Gb/s (OC-48) 
digital signal, and a third carrier signal with wavelength A.3 (i.e., channel 3) could carry a 

1 
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155-Mb/s (OC-3) digital signal. This transparency provides cost reduction, survivability, 
security, and/or flejdbility of the optical networks . Specifically, optical signals can be routed 
dynamically in or between networks to avoid interruption of services and highly secured or 
emergency data can reach destinations without interrupting other communication services. 

5 Transparency also provides management flexibility to optimize the traffic and bandwidth 
allocation in optical networks. Furtheraiore, transparency enables the capacity of optical 
networks to be greatly increased without significantly increasing costs since existing 
underground or undersea fiber optic cables can be used. 

To achieve such transparency in such optical networks, the optical networks comprise 

10 various optical devices, such as WDM multiplexers, switches, filter systems, wavemeters, 

power regulators, and/or attenuators. These optical devices may themselves comprise optical 
components, such as gate filters, thin film filters, Fresnel lenses, refi-active lenses, grating 
mirrors, reflective miirors, and/or tuning plates. However, conventional optical components 
of the type just described are bulky, cannot be monolithically fabricated, and require manual 

15 assembly for proper optical alignment. 

In view of the foregoing, there is a need for monolithically fabricated, on-chip 
assemblable, MEMS optical components. These optical components would be integrated 
together on an integrated MEMS chip to form an optical device of an optical network. 

RRTFF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 shows the configuration of a first embodiment of an optical network that 

comprises an optical input source, optical ou^ut collectors, and a WDM MUX/DMUX 
optically coupled between the optical input source and the optical output collectors. 

Figs. 2, 3, and 4 show the configuration of a MH^S lens/filter optical component of 
the WDM MUX/DMUX of Fig. 1 in its respective unassembled, partially assembled, and 
25 completely assembled states. 

Fig. 5 shows the configuration of a element stmcture of an element structure assembly 
of the lens/filter optical component of Figs. 2 to 4. 
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Fig. 6 shows the configuration of a locking latch of each locking latch assembly of the 
lens/filter optical component of Figs. 2 to 4. 

Figs. 7 to 9 show the configuration of each hinge of the element structure assembly of 
the lens/filter optical component of Figs. 2 to 4. 
5 Figs. 10 to 13 show the configuration of two hinges and a support arm of the element 

structure assembly of the lens/filter optical component of Figs. 2 to 4. 

Figs. 14 to 16 show the configuration of the actuator mechanism of the element 
structure assembly of the lens/filter optical component of Figs. 2 to 4, 

Fig. 17 shows the configuration of a second embodiment of an optical network that 
10 comprises an optical input source, an optical output collector, and a WDM power regulator 
optically coupled between the optical input source and the optical output collector. 

Figs. 18, 19, 20, and 21 show the configuration of a MEMS grating nurror optical 
component of a WDM MUX/DMUX of the WDM power regulator of Fig. 1 in its respective 
unassembled, first partially assembled, second partially assembled, and completely assembled 
15 states. 

Fig. 22 shows the configuration of an element structure of an element structure 
assembly of the grating mirror optical component of Figs. 1 8 to 21 . 

Figs. 23 to 25 show the configuration of each hinge of the element structure assembly 
of the grating mirror optical component of Figs. 18 to 21. 
20 Figs. 26 and 27 show the configuration of an additional support arm of the element 

structure assembly of the grating mirror optical component of Figs. 18 to 21 . 

Fig. 28 shows the configuration of the rotation hinge of the moveable stage assembly 
of the grating imrror optical component of Figs. 1 8 to 21 . 

Figs. 29 and 30 show the configuration of each actuator sub-mechanism of the 
25 moveable stage assembly of the grating nurror optical component of Figs. 18 to 21. 

Fig. 3 1 shows the configuration of each gate filter optical component of the WDM 
MUX/DMUX of the WDM power regulator of Fig. 1 in its unassembled state. 

Fig. 32 shows the configuration of each refractive lens optical component of the 
WDM MUX/DMUX of the WDM power regulator of Fig. 1 in its imassembled state. 
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Fig. 33 shows the configuration of a refractive lens optical component of an 
attenuator in an attenuator array of the WDM power regulator of Fig. 1 in its unassembled 
state. 

Fig. 34 shows the configuration of another refractive lens optical component of an 
5 attenuator in an attenuator array of the WDM power regulator of Fig. 1 in its unassembled 
state. 

SUMMARY OF THE INVENTION 

In summary, the present invention comprises an optical network, an optical device, 
and one or more MEMS optical components. The optical network comprises one or more 

10 optical input sources, one or more optical output collectors, and the optical device. The 

optical device is optically coupled between the one or more optical input sources and the one 
or more optical output collectors. The optical device is formed on a integrated MEMS chip 
that is oriented in a horizontal plane. The optical device comprises the one or more MEMS 
optical components formed on the chip. In fact, each MEMS optical component may be 

1 5 monolithically fabricated on the chip. 

In one embodiment, each MJ^S optical component comprises an element stmcture 
assembly. The element structure assembly comprises a corresponding actuator mechanism 
formed on the chip. The corresponding actuator mechanism is configured to be controUably 
moved laterally with respect to the chip. The element stmcture assembly also comprises an 

20 element structure pivotally coupled to the chip and moveably coupled to the corresponding 
actuator mechanism. The element structure has a lying position generally parallel to the 
horizontal plane and an upright position generally perpendicular to the horizontal plane. The 
element structure comprises an optical element that is configured to optically interact with an 
input light beam when in the upright position. When the corresponding actuator is controlled 

25 to move laterally, the element structure pivots so as to move from the lying position to the 
upright position so that the optical element can optically interact with the input light beam. 
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In another embodiment, each MEMS optical component comprises a moveable stage 
assembly. The moveable stage assembly comprises an actuator mechanism and a moveable 
stage both formed on the integrated MEMS chip. The actuator mechanism is configured to 
be controlled to move on the integrated MEMS chip. The moveable stage is fixedly coupled 
5 to the actuator mechanism and configured to be moved on the integrated MEMS chip. Each 
MEMS optical component finther comprises an element structure coupled to the moveable 
stage. The element structure comprises an optical element. When the actuator mechanism is 
controlled to move, the moveable stage moves the element structure. 

DETAILED DESCRIPTION OF THE INVENTION 

10 First Exemplarv Embodiment 

Fig. 1 shows a first exemplary embodiment of the present invention in the form of an 

optical network 100. The optical network 100 comprises an optical input source 101, N 

optical output collectors 102-1, 2, 3, 4, N, and a WDM MUX/DMUX 

(multiplexer/demultiplexer) 103 formed on an integrated MEMS chip 104. The 
15 MUX/DMUX 103 is monolithically fabricated on and self assemblable on the chip 104. The 

MUX/DMUX 103 comprises MEMS filter/lens optical components 105 and 106-1, 2, 3, 4, 
N that are integrated on the chip 104. The filter/lens optical components 105 and 106-1, 

2, 3, 4, N are all monolithically fabricated on the chip 104 and are all self assemblable on 

the chip 104 under the control of the control circuit 109. 
20 The optical input source 101 is configured to provide a coUimated input light beam 

107-1 having multiple wavelengths {X„ X^, Xr,, X^, A^}. The optical input source 101 

may comprise an optical fiber, a laser, or other light source. 

The MUX/DMUX is used in the optical network 100 for demultiplexing. The optical 

input soxirce 101 is optically coupled to the MUX/DMUX 103 and provides the 
25 MUX/DMUX 103 with the input fight beam 107-1 . The MUX/DMUX 1 03 is configured to 

demultiplex (or separate) the input light beam 107-1 into output fight beams 108-1, 2, 3, 4, 

N having individual wavelengths X^, X-^, X^, X4, X^, respectively. 
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The filter/lens optical component 105 is optically coupled to the optical input source 
101 to receive the input light beam 107-1 . The filter/lens optical component 105 is optically 
coupled to the first filter/lens optical component 106-1 and is configured to focus and direct 
the input light beam 107-1 to the first filter/lens optical component 106-1 . 

5 The filter/lens optical components 106-1, 2, 3, 4, and N-1 are optically coupled to 

the filter/lens optical components 106-2, 3, 4, N, respectively, to provide the filter/lens 
optical components 106-2, 3, 4, N with input light beams 107-2, 3, 4, N. The input 
light beams 107-2, 3, 4, N respectively have the wavelengths A.3, k^, the 

wavelengths A3, X4, k^, the wavelengths X^, the wavelength X^. The filter/lens 

10 optical components 106-1, 2, 3, 4, N are also optically coupled to the optical output 

collectors 102-1, 2, 3, 4, N, respectively, to provide the optical output collectors 102-1, 2, 
3, 4, N with the output light beams 108-1, 2, 3, 4, N, respectively. 

In performing the functions just described, each filter/lens optical component 106-n, 
where n = 1, 2, 3, 4, N, is configured to separate a corresponding wavelength A„ fi-om the 

1 5 wavelengths A„, A^+i, of the corresponding input light beam 107-n to produce the 

corresponding output light beam 108-n. The filter/lens optical component 106-n directs this 
output light beam 108-n to the corresponding optical output collector 102-n to which the 
filter/lens optical component 106-n is optically coupled. Each optical ou^ut collector 102-n 
is configured to collect the corresponding output light beam 108-n and may comprise an 

20 optical fiber or other light collector. 

Each filter/lens optical component 106-n, where n = 1, 2, 3, 4, N-1, is also 
configured to reflect the other wavelengths A.„+„ . X^ of the corresponding input light beam 
1 07-n to produce the corresponding input light beam 107-n+l for the next filter/lens optical 
component 106-n+l . This input light beam 107-n+l is directed by the filter/lens optical 

25 component 106-n to the next filter/lens optical component 1 06-n+l to which the filter/lens 
optical component 106-n is optically coupled. 

The MUX/DMUX 103 also comprises a control circuit 109. The control circuit 109 
is integrated on the chip 104 along with the filter/lens optical component 105 and the 
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fiiter/lens optical components 106-1, 2, 3, 4, N. However, in an alternative configuration 
for the MUX/DMUX 103, the control circuit 109 could be located off the chip 104. 

The MUX/DMUX 103 is self assemblable on the chip 104 under the control of the 
control circuit 109. This is due to the fact that the filter/lens optical component 105 and the 
5 filter/lens optical components 106-1, 2, 3, 4, N are all self assemblable on the chip 104 
under the control of the control circuit 109. The filter/lens optical component 105 and the 
filter/lens optical components 106-1, 2, 3, 4, N are each shown in their completely 
assembled state in Fig. 1 . The self assembly of the filter/lens optical components 105 and 
106-1, 2, 3, 4, N provides very accurate automated optical alignment of the filter/lens 
10 optical components 105 and 106-1, 2, 3, 4, N on the chip 104. Thus, the effort and the 
inaccuracy of manual optical alignment on the chip 104 is avoided. The configuration and 
the self assembly of each of the filter/lens optical components 105 and 106-1, 2, 3, 4, N 
will be discussed in greater detail next. 

Filter/lens optical Component 106-n 

15 Figs. 2, 3, and 4 show the configuration of each filter/lens optical component 106-n, 

where n = 1, 2, 3, 4, N, in its unassembled, partially assembled, and completely assembled 
states, respectively. Each filter/lens optical component 106-n is monolithically fabricated and 
comprises an element structure assembly 113 and locking latch assemblies 1 14. Each 
filter/lens optical component 106-n also comprises corresponding portions of a 

20 semiconductor substrate 110 and an insulating layer 1 1 1 of the chip 104 of Fig. 1 . The 
element structure assembly 1 13 and the locking latch assemblies 1 14 are formed on this 
portion of the insulating layer 111. 

The element structure assembly 113 comprises an element structure 115. Fig. 2 
shows the element structure 1 1 5 in a lying position in the unassembled state of the filter/lens 

25 optical component 106-n. In this lying position, the element stracture 1 15 is generally 

parallel to the horizontal plane (and the substrate 110 and the insulating layer 1 1 1) in which 
the chip 104 is oriented. Conversely, Figs. 3 and 4 show the element stracture 1 15 in an 
upright position in the partially assembled and completely assembled states of the filter/lens 
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optical component 106-n. In the upright position, the element stnicture 115 is generally 
perpendicular to the horizontal plane (and the substrate 110 and the insulating layer 1 1 1). 

The element structure assembly 113 also comprises corresponding micro-mechanical 
hinges 116. Each hinge 1 16 pivotally couples the bottom side of the element structure 115 to 
5 the insulating layer 111. This bottom side is parallel to the common rotation axis R, of the 
hinges 116. The top side of the element structure 1 15 is free and uncoupled. As a result, the 
element structure 115 can pivot about the rotation axis Rj of the hinges 116 from its lying 
position to its upright position. Although the element structure assembly 1 13 is shown 
comprising two hinges 116, one or more hinges 116 could be used. 

10 The element structure assembly 1 13 further comprises corresponding micro- 

mechanical hinges 1 17 and 1 18, a corresponding support arm 119, and a corresponding 
MEMS actuator mechanism 120. The element structure 1 15 is moveably coupled to the 
corresponding actuator mechanism 120 by the hinges 117 and 118 and the support arm 119. 
More specifically, the hinge 117 pivotally couples a corresponding end of the support arm 

15 1 1 9 to the actuator mechanism 1 20 so that the support arm 1 1 9 can pivot about the rotation 
axis R2 of the hinge 1 17. The hinge 118 has a rotation axis R3 and pivotally couples the 
corresponding opposite end of the support arm 1 19 to the left or right side of the element 
structure 115 that is adjacent to the hinges 117 and 1 1 8, the support arm 119, and the actuator 
mechanism 120. This enables the support arm 1 1 9 to also pivot about the rotation axis R3 of 

20 the hinge 1 1 8. The rotation axes R^ and R3 of the hinges 1 17 and 1 1 8 are parallel to the 

rotation axis R| of the hinge 116. As a result, the hinges 1 16, 1 1 7, and 118 and the support 
arm 119 cooperatively translate the lateral movement of the actuator mechanism 120 into 
pivoting movement by the element structure 115 about the rotation axis Rj. 

As mentioned earlier. Fig. 2 shows the filter/lens optical component 106-n in its 

25 unassembled state with the element structure 1 1 5 in its lying position. To begin assembly of 
the filter/lens optical component 106-n for normal operation in the MUX/DMUX 103 of Fig. 
1, the control circuit 109 of Fig. 1 controls the actuator mechanism 120 of the element 
structure assembly 1 13 to laterally move forward. This is done in the manner described later. 
The hinges 116, 117, and 1 18 and the support arm 119 cooperatively translate this lateral 
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forward movem nt of the actuator mechanism 120 into pivoting movement by the element 
stracture 1 1 5 about the rotation axis Rj until the element structure 1 1 5 is in its upright 
position in the partially assembled state of the filter/lens optical component 106-n shown in 
Fig, 3. More specifically, when the actuator mechanism 120 moves laterally forward, the 

5 corresponding hinge 117 also moves laterally forward so that the end of the corresponding 
support ami 1 19 pivotally coupled to the hinge 1 17 is pushed laterally forward and causes the 
support arm 1 19 to pivot about the rotation axis of the hinge 117. As a result, the opposite 
end of the support arm 119 pivotally coupled to the corresponding hinge 118 pushes the 
hinge 1 1 8 vertically and rotationally up as the support arm 1 1 9 pivots about the rotation axis 

10 Rj of the hinge 118. This in turn causes the hinge 1 1 8 to push the element structure 1 1 5 

vertically and rotationally up so that the element structure 115 pivots about the rotation axis 
Ri of the hinges 116 until the element structure 1 15 is in its upright position. 

To properly align the element structure 1 15 of each filter/lens optical component 
106-n in its proper upright position, an optical input source, optical output collectors, and an 

1 5 optical spectrum analyzer may be used. The optical input source would be located so as to 
direct an input light beam at the element structure 1 1 5 in the desired path that the 
corresponding input light beam 107-n would have in the MUX/DMUX 103 . One optical 
output collector would then be located so as to receive a first ou^ut light beam in the desired 
path that the corresponding output light beam 102-n would have in the MUX/DMUX 103. 

20 The other optical output collector would then be located so as to receive a second output light 
beam in the desired path that the corresponding input light beam 102-n+l for the next 
filter/lens optical component 106-n+l would have in the MUX/DMUX 103. The optical 
spectrum of the first and second output light beams would then be analyzed with the 
sepctrum analyzer. The pivoting of the element stmcture 115 would then be controlled until 

25 the optical spectrum provided by the spectrum analyzer indicated that the element structure 
1 15 was in the desired upright position. As those skilled in the art will recognize, other 
methods could also be used to properly align the element structure 115. 

Referring again to Figs. 2 to 4, each locking latch assembly 1 14 comprises a 
corresponding locking latch (or plate) 121 and a corresponding hinge 1 16. Figs. 2 and 3 
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show the locking latch 121 of each locking assembly 1 14 in a lying position parallel to the 
insulating layer 1 1 1 in the unassembled and partially assembled states of the filter/lens 
optical component 106-n. On the other hand, Fig. 4 shows the locking latch 121 of each 
locking latch assembly 114 in a locking position in the completely assembled state of the 
5 filter/lens optical component 106-n. In the same way that each hinge 1 16 of the element 
stmcture assembly 113 pivotally couples one side of the element stmcture 1 15 to the 
insulating layer 1 1 1, the hinge 1 16 of each locking latch assembly 1 14 pivotally couples the 
bottom side of the corresponding locking latch 121 to the insulating layer 111. This bottom 
side is parallel to the rotation axis R4 of the hinge 116. The top side of the locking latch 121 

10 is free and uncoupled in the lying position. The locking latch 121 can therefore pivot about 
the rotation axis R4 of the hinge 116 from its lying position to its locking position. The top 
side of the locking latch 121 includes a slot 122 that is sized to closely receive the 
corresponding left or right side of the element stmcture 1 1 5 in the locking position. 

Similar to the element structure assembly 113, each locking latch assembly 114 also 

15 comprises corresponding hinges 1 17 and 1 18, a corresponding support arm 119, and a 

corresponding actuator mechanism 120. The locking latch 121 is moveably coupled to the 
corresponding actuator mechanism 120 by the hinges 117 and 118 and the support arm 119. 
This is done in a similar manner to that in which the element structure 1 1 5 is moveably 
coupled to the corresponding actuator mechanism 120 in the element structure assembly 113. 

20 Here, however, the hinges 117 and 118 have rotation axes R5 and R^, respectively, so that the 
support arm 1 19 pivots about the rotation axes R5 and R^. The rotation axes Rj and R^ are 
parallel to the rotation axis R4 of the hinge 1 16. The hinges 116, 117, and 118 and the 
support arm 1 19 therefore cooperatively translate the lateral movement of the actuator 
mechanism 120 into pivoting movement by the locking latch 121 about the rotation axis R4. 

25 In the unassembled and partially assembled states of the filter/lms optical component 

106-n shown in Figs. 2 and 3, the locking latch 121 of each locking latch assembly 1 14 is in 
its lying position. To place the filter/lens optical component 106-n in the completely 
assembled state after the element stmcture 1 1 5 is in the upright position of the partially 
assembled state shown in Fig. 3, the control circuit 109 of Fig. 1 controls the actuator 
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mechanism 120 of the element stmcture assembly 1 13 to laterally move forward so that the 
hinges 116, 117, and 118 and the support arm 1 19 cooperatively translate this lateral forward 
movement into pivoting movement by the locking latch 121 about the rotation axis R4. The 
locking latch 121 is pivoted about the rotation axis R4 until the locking latch 121 is in its 
5 locking position in the completely assembled state of the filter/lens optical component 106-n 
shown in Fig. 4. The manner in which this is done is similar to that in which the control 
circuit 109 causes the element stmcture 1 15 of the element structure assembly 1 13 to be 
pivoted until it is in its upright position. Here, however, the pivoting of the support arm 1 19 
of each locking latch assembly 1 14 occurs about the rotation axes R5 and and the pivoting 

10 of the locking latch 121 of each locking latch assembly 1 14 occurs about the rotation axis R4. 

However, it may be the case that the element stmcture 1 15 of each filter/lens optical 
component 106-n is stable enough for proper optical alignment in its upright position with 
only one or even no locking latch assemblies 114. Thus, each filter/lens optical component 
106-n could comprise none or one or more locking latch assemblies 114. 

15 Furthermore, as those skilled in the art will recognize, each filter/lens optical 

component 106-n is also dissassemblable. In order to disassemble each filter/lens optical 
component 106-n, the reverse process to the assembly process just described would be used. 
However, in some applications it may be the case that only assembly is required. 

Filter Pate Assembly 113 
20 Fig. 5 shows the configuration of the element stmcture 1 15 of the element stmcture 

assembly 1 13 of Figs. 2 to 4, The element structure 115 comprises a support plate 127, a thin 
film bandpass filter optical element 123 formed on the support plate 127, and a planar Fresnel 
lens optical element 124 formed on/in the support plate 127. 

The bandpass filter optical element 123 is configured to optically interact with the 
25 corresponding input light beam 107-n to allow a corresponding wavelength of the 

wavelengths in the corresponding input light beam 107-n of Fig. 3 to pass 

through the bandpass filter optical element 123 while reflecting the other wavelengths A^i, 
X^. The bandpass filter optical element 123 comprises alternating high and low 
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reflectivity thin film material plates 125 and 126 formed on one side of the support plate 127. 
The thin film material plates 125 and 126 are spaced at quarter wavelengths from each other. 

The Fresnel lens optical element 124 is configured to optically interact with the 
corresponding input light beam 107-n by focusing and directing the corresponding 
5 wavelength ^„ passed by the bandpass filter optical element 123 to produce the ou^ut light 
beam 108-n of Fig. 3. The Fresnel lens optical element 124 comprises a Fresnel pattern 128 
formed on the opposite side of the support plate 127 on which the thin film material plates 
125 and 126 are formed. The Fresnel pattern 128 may be integrally formed with the support 
plate 127 by appropriately etching the support plate 127 to produce the Fresnel pattern 128. 

10 Alternatively, a metal pattern could be formed on the support plate 127 to produce the 
Fresnel lens optical element 124. 

Figs. 7 to 9 show the configuration of each hinge 1 16 of the element structure 
assembly 113 of Figs. 2 to 4. Each hinge 116 comprises a first hinge plate 130, a hinge pin 
13 1, a locking arm 132, a second hinge plate 133, anchors 134, vias 148, and a base 138. The 

1 5 base 1 3 8 is fixedly coupled to the insulating layer 111. The hinge plate 1 30 is fixedly 

coupled to the base 138 with anchors 134. The hinge pin 13 1 is disposed and rotates in an 
opening 135 of the hinge plate 130 along the rotation axis of the hinge 116. The locking 
arm 132 is fixedly coupled to the hinge plate 130 with vias 148 and extends over the opening 
135. The opposite ends of the hinge pin 131 include attachment arms 136 while the hinge 

20 plate 133 also includes attachment arms 137. Each attachment arm 136 is fixedly coupled to 
a corresponding attachment aim 137 with a corresponding via 148. The end of each 
attachment arm 137 extends over the hinge plate 130. This enables the locking arm 132 and 
the attachment arms 137 to cooperatively rotatably lock the hinge pin 131 in place so that the 
hinge pin 131 can rotate about the rotation axis R,. As a result, the hinge plate 133 can 

25 correspondingly pivot about the rotation axis R,. 

The hinge plate 133 is fixedly coupled to the bottom side of the element structure 115. 
In fact, the hinge plate 133 may be integrally formed with the bottom side of the support plate 
127 of the element structure 115. When the hinge plate 133 pivots about the rotation axis R,, 
the element structure 115 does the same. 
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Figs. 10 to 13 also show the configuration of each support arm 1 19 of the element 
structure assembly 113 of Figs. 2 to 4. Each support arm comprises a corresponding first 
support strip 152, a corresponding second support strip 153, and a corresponding via 148. 
The first and second support strips 1 52 and 1 53 are fixedly coupled to each other by the via 
5 148. 

Figs. 10 to 13 further show the configuration of each hinge 1 17 of the element 
structure assembly 1 13 of Figs. 2 to 4. The hinge 1 17 is configured and operates similar to 
the hinge 1 16 of Figs. 7 to 9 in that it comprises a first hinge plate 130, a hinge pin 13 1 with 
attachment arms 136, a locking arm 132, a second hinge plate 133 with attachment arms 137, 

10 and vias 148. However, in contrast to each hinge 1 16, the hinge 1 17 comprises a guide plate 
139 that is stationary and fixedly coupled to the insulating layer 1 1 1 and the hinge plate 130 
laterally slides on the guide plate 139. The hinge 117 also comprises guiding overhangs 140 
and anchors 154 for the guiding overhangs 140. 

Each guiding overhang 140 is fixedly coupled to the guide plate 139 by a 

1 5 corresponding anchor 1 54. Each anchor 1 54 extends up firom the guide plate 139 along the 
outer surface of the hinge plate 130 and the guiding overhang eTrtends over the upper surface 
of the hinge plate 130. Together, these guiding overhangs 140 guide the hinge plate 130 as it 
moves laterally on the guide plate 139. 

In the case of the hinge 1 17, the hinge plate 130 also comprises contact rails 149 to 

20 enable the hinge plate 130 to laterally slide on the guide plate 139 with minimal fiiction and 
stiction. Each rail 149 may be continuous or may comprise a row of protrusions or bimips. 

As in the hinge 116 of Figs. 7 to 9, the locking arm 132 and the attachment arms 137 
of the hinge plate 133 of the hinge 117 cooperatively rotatably lock the hinge pin 13 1 in place 
within the opening 135 of the hinge plate 130. As a result, the hinge pin 13 1 can rotate about 

25 the rotation axis Rj of the hinge 1 17 and the hinge plate 133 can correspondingly pivot about 
the rotation axis R^. 

In the element structure assembly 1 13 of Figs. 2 to 4, the hinge plate 130 of the hinge 
1 17 is fixedly coupled to an insulating attachment bridge 141 of the corresponding actuator 
mechanism 120 of the element structure assembly 113. As a result, the hinge plate 130 
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moves laterally with the actuator when the actuator mechanism 120 is controlled to move 
laterally by the control circuit 109 of Fig. 1. The hinge plate 133 is fixedly coupled to one 
end of the support arm 119 and in fact may be integrally formed with the support strip 152 of 
the support arm 1 19 at that end. The support arm 1 19 is therefore pivotally coupled to the 
5 actuator mechanism 120 by the binge 1 17 so that the support arm 119 can pivot about the 
rotation axis R2 of the hinge 117 when the actuator mechanism 120 is controlled to move 
laterally. 

Figs. 10 to 13 also show the configuration of each hinge 1 1 8 of the element structure 
assembly 113 of Figs. 2 to 4. Like the hinge 117, the hinge 1 18 is also configured and 

10 operates similar to the hinge 1 16 of Figs. 7 to 9 in that it also comprises a first hinge plate 
130, a hinge pin 131 with attachment arms 136, a locking arm 132, a second hinge plate 133 
with attachment arms 137, and vias 148. However, the configuration of the hinge 1 18 is 
upside down fi^om that of the hinges 1 16 and 1 17 and both the hinge plates 130 and 133 pivot 
about the rotation axis R3 in the case of the hinge 1 1 8 in the element structure assembly 113 

15 or the rotation axis in the case of the hinge 1 1 8 in each locking latch assembly 114. As in 
the hinges 116 and 117, the locking arm 132 and the attachment arms 137 of the hinge plate 
133 cooperatively rotatably lock the hinge pin 13 1 in place within the opening 135 of the 
hinge plate 130. In the case of the hinge 1 18 in the element structure assembly 1 13, this 
enables the hinge pin 13 1 to rotate about the rotation axis R3 and both hinge plates 130 and 

20 1 33 to correspondingly pivot about the rotation axis R3. The same is true for the hinge 1 1 8 in 
each locking latch assembly 114 except that the hinge pin 131 rotates and the hinge plates 
130 and 133 pivot about the rotation axis R^ 

In the element structure assembly 113 of Figs. 2 to 4, the hinge plate 130 of the hinge 
1 1 8 is fixedly coupled to the left or right side of the element structure 115 that is adjacent to 

25 the hinges 117 and 118, the support arm 119, and the actuator mechanism 120 of the element 
stmcture assembly 113. In fact, the hinge plate 130 may be integrally formed with the 
support plate 127 of Fig. 5 of the element structure 1 15 at this side. This is done in a similar 
maimer to that in which the hinge plate 133 of the hinge 116 of Figs. 7 to 9 is integrally 
formed with the support plate 127. Furthermore, referring back to Figs. 10 to 13, the hinge 
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plate 133 of the hinge 1 18 is fixedly coupled to the opposite end of the support arm 119 to 
that which the hinge plate 133 is fixedly coupled. The hinge plate 133 may be integrally 
formed with the support strip 153 of the support arm 1 19 at that end. As a result, the support 
arm 119 is also pivotally coupled to the element structure 1 15 by the hinge 1 18 so that the 

5 support arm 119 can also pivot about the rotation axis R3 of the hinge 118. 

Figs. 14 to 16 show the configuration of each actuator mechanism 120 of the element 
stnicture assembly 1 13 of Figs. 2 to 4. The actuator mechanism 120 comprises actuator sub- 
mechanisms 142 and the insulating attachment bridge 141 mentioned earlier. One of the 
actuator sub-mechanisms 142 is configured for forward movement and the other is 

10 configured for backw2ird movement. Each actuator sub-mechanism 142 comprises a 

conductive support frame 143 that is fixedly coupled to the support frame 143 of the other 
actuator sub-mechanism 142 with the insulating attachment bridge 141. The insulating 
attachment bridge 141 fixedly couples, but electrically isolates, the support frames 143 of the 
actuator sub-mechanisms 142. 

1 5 Each actuator sub-mechanism 1 42 also comprises an array of SDAs (scratch-drive 

actuators) 144 and conductive flexible attachment arms 145. Each SDA 144 is fixedly 
coupled and electrically coimected to the support frame 143 of the actuator sub-mechanism 
142 by corresponding attachment arms 145. 

As shown in Figs. 15 and 16, each SDA 144 comprises a corresponding plate 146 and 

20 a corresponding bushing 147. The plate 146 is fixedly coupled and electrically connected to 
corresponding attachment arms 145 and may be integrally formed with these attachment amis 
145. The attachment arms 145 are themselves fixedly coupled and electrically connected to 
the support frame 143 of the corresponding actuator sub-mechanism 142 by vias 148 of the 
actuator sub-mechanism 142. 

25 Referring back to Fig. 14, the SDAs 144 of each actuator sub-mechanism 142 are 

aligned for forward or backward movement depending on whether the actuator sub- 
mechanism 142 is to be used for forward or backward movement. The SDAs 144 are of the 
type described in T. Akiyama and K. Shono, "Controlled Stepwise Motion in Polysilicon 
Microstiuctures", J. of MEMS, Vol. 2, No. 3, pp. 106, Sept. 1993, and T. Akiyama and H. 
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Fujita, "A Quantative Analysis of Scratch Drive Actuator Using Buckling Motion", IEEE 
Micro Hectro Mechanical Networks, pp. 310-315, 1995. These articles are hereby 
incorporated by reference. 

Referring again to Figs. 15 and 16, each actuator sub-mechanism 142 also comprises 
5 conductive contact rails 149 and conductive bias lines 150. The contact rails 149 are fixedly 
coupled to and pattemed on the lower surface of the support frame 143 of the actuator sub- 
mechanism 142 and, in fact, may be integrally formed with the support frame 143. The 
contact rails 149 are also electrically connected to the support frame 143. The bias lines 150 
are fixedly coupled to and pattemed on the insulating layer 111. The contact rails 149 

10 laterally slide on and electrically contact the bias lines 1 50, Thus, the contact rails 149 enable 
the support frame 143 to laterally slide on and be electrically connected to the bias lines 150 
with minimal friction and stiction. Each contact rail 149 may be continuous or may comprise 
a row of protrusions or bumps. 

Turning now to Figs. 14 to 16, the conductive plate 146 of each SDA 144 of each 

15 actuator sub-mechanism 142 is electrically connected to the bias lines 1 50 of the actuator 
sub-mechanism 142 with the contact rails 149, the support frame 143, and the attachment 
arms 145 of the actuator sub-mechanism 142. Thus, when a periodic square wave bias signal 
is applied to the bias lines 150 by the control circuit 109 109 of Fig. 1, this signal is provided 
to the plate 146. Since the semiconductor substrate 1 10 is grounded, this causes the plate 146 

20 to be pulled down toward the insulating layer 1 1 1 each time the signal reaches a high voltage. 
The plate 146 is pulled down because of the flexure in the flexible conductive attachment 
arms 145. Each time this occurs, the bushing 147 of the SDA 144 reaches out and contacts 
the insulating layer 110. Then, each time the signal goes to a low voltage, the plate 146 
returns to its original position and the bushing 147 pulls the actuator mechanism 120 forward 

25 or backward a step depending on whether the actuator sub-mechanism 142 is configured for 
forward or backward movement. In this way, the SDAs 144 of the actuator sub-mechanism 
142 configured for forward movement collectively move the entire actuator mechanism 120 
forward in stepwise fashion and the SDAs configured for backward movement collectively 
move the entire actuator mechanism 120 backward in stepwise fashion. 
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Referring back to Fig, 14, each actuator mechanism 120 also comprises guiding 
overhangs 140 that are configured and operate like those of the hinge 11 7 of Figs. 10 to 13. 
As shown in Fig. 15, each guiding overhang 140 is fixedly coupled to a corresponding bias 
line ISO by an anchor 154 of the actuator mechanism 120. Each anchor 154 extends up from 
5 the corresponding bias line 150 along the outer surface of the support frame 143 and the 
guiding overhang 140 extends over the upper surface of the support frame 143 of the 
corresponding actuator sub-mechanism 142. Referring again to Fig. 14, the guiding 
overhangs 140 collectively guide the entire actuator mechanism 120 as it moves forward or 
backward. 

10 In an altemative configuration, each actuator mechanism 120 could comprise an array 

of side-drive actuators, such as those described in L. Fan, Y.C. Tai, and R. MuUer, "IC 
Processed Electrostatic Micromotors", Sensors and Actuators, Vol. 20, pp. Al-Al, Nov. 1989. 
Or, each actuator mechanism 120 could comprise an array of comb-drive actuators, such as 
those described in W. Tang, T. Nguyen, and R. Howe, "Laterally Driven Polysilicon 

15 Resonant Microstructures", Sensors and Actuators^ Vol. 20, pp. 25, Nov. 1989. Both of these 
articles are hereby incorporated by reference. Additionally, thermal actuators, piezoelectric 
actuators, and electromagnetic actuators or other types of actuators could also be used. 

Locking Pate Assembly 1 14 
Fig. 6 shows the configuration of the locking latch 121 of each locking latch assembly 
20 1 14 of the filter/lehs optical component 106-n of Figs. 2 to 4. The locking latch 121 has a 
slot 122 at its top side. As mentioned previously, the slot 122 is sized to closely receive the 
corresponding left or right side of the element structure 1 15 in the locking position of the 
locking latch 121. 

The configuration of each hinge 1 16 of each locking latch assembly of Figs. 2 to 4 is 
25 the same as that shown in Figs. 7 to 9 except that the hinge plate 133 is fixedly coupled to the 
bottom side of the locking latch 121. In fact, it may be integrally formed there with the 
bottom side of the locking latch 121. Furthermore, pivoting of the hinge plate 133 and the 
locking latch 121 and rotation of the hinge pin 131 occurs bout the rotation axis R4. 
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Similarly, the configuration and operation of the hinge 1 17 and the support arm 119 
of each locking latch assembly of Figs. 2 to 4 is the same as that shown in Figs. 10 to 13 
except for a few differences. The rotation of the hinge pin 131 and the pivoting of the hinge 
plate 133 and the support arm 119 occurs about the rotation axis R5. Furthermore, in the 
5 locking latch assembly 114 of Figs. 2 to 4, the hinge plate 130 of the hinge 1 17 is fixedly 
coupled to an insulating attachment bridge 141 of the corresponding actuator mechanism 120 
of the locking latch assembly 114. The configuration of the actuator mechanism 120 of each 
locking latch assembly of Figs. 2 to 4 is the same as that shown in Figs. 14 to 16. 

Finally, the configuration of the hinge 1 18 of each locking latch assembly of Figs. 2 to 

10 4 is also the same as that shown in Figs, 10 to 13 except for a few differences. Specifically, 
the pivoting of the hinge plates 130 and 133 and the support arm 1 19 and the rotation of the 
hinge pin 131 occurs about the rotation axis R^. In addition, the hinge plate 130 is fixedly 
coupled to the left or right side of the locking latch 121 that is adjacent to the hinges 117 and 
1 1 8, the support arm 119, and the actuator mechanism 120 of the locking latch assembly 114. 

15 The hinge plate 130 may be integrally formed with the locking latch 121 at this side. 

Alternative Configurations 
Referring again to Fig. 1, the self assembly of each filter/lens optical component 
106-n just described provides very accurate automated optical alignment of the filter/lens 
optical component 106-n on the chip 104. Thus, the effort and the inaccuracy of manual 
20 optical alignment on the chip 104 is avoided. 

However, as those skilled in the art will recognize, each filter/lens optical component 
106-n could be configured, operate, and be self assemblable similar to the refractive lens 
optical component 256-m in Fig. 33 for each attenuator 255-m of Fig. 17. In this case, the 
filter/lens optical component 106-n could comprise a moveable stage assembly 260. 
25 Furthermore, the element structure assembly 113 would be replaced by an element structure 
assembly that is configured and operates like the refractive lens plate assembly 261 of the 
refractive lens optical component 256-m, except that the element stracture 115 would replace 
the refractive lens plate 264. Finally, the locking latch assemblies 114 would be replaced by 
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one or more locking latch assemblies 221 . In this case, the optical alignment of the filter/lens 
optical component 106-n could be made even more precise by laterally moving the moveable 
stage 262 to adjust the position of the element structure 115 of Figs. 2 to 4. 

Filter/lens optical Component 105 
5 Referring again to Fig. 1, the filter/lens optical component 105 is configured, 

operates, and is self assemblable on the chip 104 under the control of the control circuit 109 
in a similar manner as that just described for each filter/lens optical component 106-n. Thus, 
except for the differences mentioned next, the foregoing discussion of each filter/lens optical 
component 106-n is also applicable to the filter/lens optical component 105. 
10 The filter/lens optical component 105 comprises an element structure 115 like that 

shown in Fig. 5 for each filter/lens optical component 106-n. The element structure 115 
comprises a Fresnel lens optical element 124 like that of each filter/lens optical component 

106- n shown in Fig. 5. Referring to Fig. 1, this Fresnel lens directs the input light beam 

107- 1 to the first filter/lens optical component 106-1. Turning to Fig. 5 again, the filter/lens 
15 optical component 105 may also comprises a bandpass filter optical element 123 similar to 

that of each filter/lens optical component 106-n. Referring back to Fig. 1, this bandpass filter 
optical element 123 however would be configured to pass all of the wavelengths A-i, X^^ X3, 
A4, being multiplexed by the MUX/DMUX 103 so that the input light beam 107-1 
includes them all but excludes other wavelengths. 
20 Furthermore, the alignment of the element structure 1 1 5 of the filter/lens optical 

component 105 would be similar to that described earlier for each filter/lens optical 
component 106-n except that only one optical output collector would be needed. This optical 
output collector would be located so as to receive an output light beam in the desired path 
that the input light beam 107-1 would have in the MLIX/DMUX 103. 

25 Fabrication Process 
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The NfUX/DMUX 103 may be fabricated using a three polysilicon layer process. 
This of coiirse also means that the filter/iens optical component 105 and the iilter/lens optical 
components 106-1 to N may each be formed with this same three polysilicon layer process. 
Referring to Figs. 5 to 16, in this process, the insulating layer 1 1 1 (insxilating 0) is 
S first deposited on the substrate 110. The substrate may comprise siUcon and the insulating 
layer may comprise silicon nitride. 

Then, a first polysilicon layer (poly 0) is deposited on the insulating layer 111. This 
polysilicon layer is selectively patterned on the insulating layer 1 1 1 to form the base 138 in 
Figs. 8 and 9 of each hinge 116, the guide plate 139 in Figs. 10 to 13 of each hinge 1 17, and 

10 the bias lines 150 in Figs. 14 and 15 of each actuator mechanisms 120. 

A first sacrificial layer, such as a PSG (phosphorous silicate glass) like silicon 
dioxide, is then deposited on the insulating layer 111 and the patterned first polysilicon layer. 
This sacrificial layer is then selectively etched down to the base 138 of each hinge 1 16 to 
form openings for the anchors 134 in Figs 8 and 9 (anchor 1) of each hinge 116 and down to 

IS the guide plate 139 of each hinge 1 17 and the bias lines 150 of each actuator mechanism 120 
to form openings for the anchors 154 of Figs. 13 and 15 (anchor 2) of each hinge 117 and 
each actuator mechanism 120. This sacrificial layer is also selectively etched to form 
dimples in it for the formation of the contact rails 149 in Fig. 14 of each support frame 143 
and the contact rails 149 in Fig. 13 of each hinge plate 130. 

20 A second polysilicon layer (poly 1) is then deposited on the first sacrificial layer and 

in the openings just mentioned. This polysilicon layer is then selectively pattemed to form 
the hinge plate 130 and the hinge pin 13 1 in Figs. 7 to 9 of each hinge 116, the hinge plate 
130, the contact rails 149, and the hinge pin 131 in Figs. 10 to 13 of each hinge 117, the 
support strip 153 in Figs. 10 to 12 of each support arm 1 19, the hinge plate 133 and the 

25 locking ami 132 in Figs. 10 and 12 of each hinge 118, the support frame 143 and the contact 
rails 149 in Figs. 14 to 16 of each actuator mechanism 120, the anchors 134 in Figs. 8 and 9 
of each hinge 116, and the lower portions of the anchors 154 of Figs. 13 and 15 of each hinge 
117 and each actuator mechanism 120. 
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A second insulating layer insulating 1) is then deposited on the first sacrificial layer 
and the patterned second polysilicon layer. Like the first insulating layer 111 (insulating 0), 
this insulating layer may comprise silicon nitride. The second insulating layer is then 
selectively patterned to form the insulating attachment bridge 141 in Figs. 14 and 15 of each 
5 actuator mechanisms 120. 

A second sacrificial layer that is of the same material as the first sacrificial layer is 
then deposited on the first sacrificial layer, the patterned second polysilicon layer, and the 
patterned second insulating layer. The second sacrificial layer is selectively etched down to 
the lower portions of the anchors 154 in Figs. 13 and 15 of each hinge 1 17 and each actuator 

10 mechanism 120 to provide openings for the upper portions of these anchors 154. The second 
sacrificial layer is also selectively etched down to the hinge plate 130 and the hinge pin 131 
in Figs. 8 and 9 of each hinge 1 16, the hinge plate 130 and the hinge pin 131 in Figs. 1 1 and 
12 of each hinge 1 17, the support strip 153 in Figs. 1 1 and 12 of each support arm 1 19, the 
hinge plate 133 and the locking arm 132 in Figs. 1 1 and 12 of each hinge 118, and the 

15 support frame 143 in Fig. 15 of each actuator mechanism 120 to provide openings for the 

formation of the corresponding vias 148 in Figs. 8, 9, 1 1, 12, and 15 of each hinge 1 16, 1 17, 
and 118, each support arm 119, and each actuator mechanism 120. The second sacrificial 
layer is further selectively etched to form dimples in the second sacrificial layer for the 
formation of the bushing 147 in Figs. 9 and 10 of each SDA 144. 

20 A third polysilicon layer (poly 2) is then deposited on the second sacrificial layer and 

in the openings just mentioned. This polysilicon layer is then selectively patterned to form 
the upper portions of the anchors 1 54 just mentioned, the vias 148 just mentioned, the hinge 
plate 133 and locking arm 132 in Figs. 7 to 9 of each hinge 116, the support plate 127 in Figs. 
5, 8, and 9 including the Fresnel pattem 128 in Fig, 5 of each element structure 1 15, each 

25 locking latch 121 including the corresponding slot 122 in Fig. 6, the hinge plate 133 and 

locking arm 132 in Figs. 10 to 12 of each hinge 1 17, the hinge plate 130 and hinge pin 131 in 
Figs. 10 to 12 of each hinge 1 18, the support strip 152 in Figs. 10 to 12 of each support arm 
1 19, the guiding overhangs 140 in Figs. 13 and 14 of each hinge 117 and each actuator 
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mechanism 120, the SDAs 144 including the bushings 147 in Figs. IS and 16 of each actuator 
mechanism 120. 

A third sacrificial layer is then deposited on the second sacrificial layer and the 
patterned third polysilicon layer. This third sacrificial layer is of the same material as the first 
5 and second sacrificial layers. This sacrificial layer is then selectively etched down to the 

support plate 127 in Fig. 5 of each element structure 1 1 5 to form an opening over the support 
plate 127 while the gaps in the support plate 127 caused by the Fresnel pattern 128 are still 
filled with the sacrificial layer. 

Then, alternating layers of high and low reflectivity thin film materials are deposited 
10 on the third sacrificial layer and in the opening over the support plate 127 in Fig. 5 of each 
element structure 115. These thin film layers are then selectively patterned to form the thin 
film material plates 125 and 126 on the support plate 127 of each element structure 115. 

Finally, the first, second, and third sacrificial layers are removed. This frees all of the 
hinges 1 16, 1 17, and 118, the element stmctures 115, the locking latchs 121, and the actuator 
15 mechanisms 120 in Figs. 2 to 4 for movement in the manner described earlier. 



Alternative Embodiments 

In Fig. 1, the MUX/DMUX 103 is used in the optical network 100 for demultiplexing. 
However, those skilled in the art will recognize that the MUX/DMUX 103 could also be used 
for multiplexing. In this case, the configuration and operation of the optical network 100 
20 would be the reciprocal of that just discussed. 

Second Exemplary Embodiment 

Fig. 17 shows a second exemplary embodiment of the present invention, namely 
another optical network 200. The optical network 200 comprises an optical input source 201, 
and optical ouq)ut collector 202, and a WDM power regulator (i.e., equalizer) 203 
25 implemented on the integrated MEMS chip 104. 
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The optical input source 201 is configured to transmit an input light beam 205 having 
multiple wavelengths A, to A^, where M ^ 2. The optical input source 201 may comprise an 
optical fiber, a laser, or other light source. 

The WDM power regulator 203 is optically coupled to the optical input source 201 to 
5 receive the input light beam 205. The WDM power regulator 203 is monolithically 

fabricated on the chip 104 and is self assemblable on and reconfigurable on the chip 104 uder 
the control of the control circuit 109. The WDM power regulator is configured to separately 
regulate the respective power levels of the wavelengths A, to of the input light beam 205. 
This produces an output light beam 206 with the wavelengths A, to at respective 
1 0 regulated power levels. 

The optical output collector 202 is optically coupled to the WDM power regulator 
203 to receive the output light beam 206. The optical output collector 202 is configured to 
transmit the output light beam 206 and may comprise an optical fiber or other light collector. 

In order to perform the power regulation just described, the WDM power regulator 
15 203 comprises MEMS MUX/DMUXs 207-1 and 207-2 and a MEMS attenuator array 208 
that are all integrated on the chip 104. In fact, the MUX/DMUXs 207-1 and 207-2 and the 
attenuator array 208 are all monolithically fabricated on the chip 104 and are all self 
assemblable on and reconfigurable on the chip 104 under the control of the control circuit 
109. 

20 The MUX/DMUX 207-1 is optically coupled to the optical input soiirce 201 to 

receive the input light beam 205. The MUX/DMUX 207-1 is configured on the chip 104 to 
demultiplex the input light beam 205 into individual light beams 210-1 to M with respective 
wavelengths A., to A^. 

The attenuator array 208 is optically coupled to the MUX/DMUX 207-1 to receive the 

25 individual light beams 210-1 to M. The attenuator array 208 is configured to separately 

regulate the power levels of the individual light beams 210-1 to M by separately attenuating 
them. This produces the separately regulated light beams 21 1-1 to M with respective 
wavelengths A,, to and respective regulated power levels. 
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The MUX/DMUX 207-2 is optically coupled to the attenuator array 208 to receive the 
separately regulated light beams 21 1-1 to M. The MUX/DMUX 207-2 is configured on the 
chip 104 to multiplex the separately regulated light beams 21 1-1 to M into the single output 
light beam 206 comprising the wavelengths to at respective regulated power levels. 
5 The optical output collector 202 is optically coupled to the MUX/DMUX 207-2 to receive 
the output light beam 206. 

The WDM power regulator 203 also comprises a control circuit 109. The control 
circuit 109 is integrated on the chip 104 along with the MUX/DMUXs 207-1 and 207-2 and 
the attenuator array 208. However, in an altemative configuration for the WDM power 
10 regulator 203, the control circuit 109 could be located off the chip 104. The MUX/DMUXs 
207-1 and 207-2 and the attenuator array 208 are each self assemblable on and reconfigurable 
on the chip 104 under the control of the control circuit 109. Thus, the entire WDM power 
regulator 203 is itself self assemblable on and reconfigurable on the chip 104 under the 
control of the control circuit 109. 

15 MUX/DMUX 207-1 

Still referring to Fig. 17, the MUX/DMUX 207-1 comprises a MEMS grating mirror 
optical component 215, a MEMS gate filter array 216, and a MEMS refractive lens array 217. 
The grating mirror optical component 215, the gate filter array 216, and the refractive lens 
array 217 are all monolithically fabricated on the chip 104 and are all self assemblable on the 

20 chip 104 under the control of the control circuit 109. 

In its completely assembled state, the grating mirror optical component 215 is 
optically coupled to the optical input source 201 to receive the input light beam 205. The 
grating mirror optical component 215 is reconfigurable on the chip 104 under the control of 
the control circuit 109. This is due to the fact that the grating mirror optical component 215 

25 is configured to be rotated to a selected position to spread the input light beam 205 out into 
its spectrum of wavelengths at different angles to produce a wide spectrum light beam 209 
with these wavelengths at the different angles. These wavelengths of course include the 
wavelengths to X^. 
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The gate filter array 216 comprises MEMS gate filter optical components 218-1 to M 
for passing only the wavelengths A., to of the wide spectrum light beam 209 to produce 
the filtered light beams 213-1 to M with the respective wavelengths A*i to X,^. The gate filter 
optical components 218-1 to M are all monolithically fabricated on the chip 104 and are all 
5 self assemblable on the chip 104 under the control of the control circuit 109. In its 

completely assembled state, each gate filter optical component 21 8-m, where m = 1 to M, is 
configured to pass a corresponding wavelength A^, at a corresponding angle from among the 
other wavelengths of the wide spectram light beam 209 that are around the wavelength 
This results in a corresponding filtered light beam 213-m with the corresponding wavelength 

10 at a corresponding angle. 

The refractive lens array 217 comprises MEMS refractive lens optical components 
219-1 to M for re-focusing the filtered light beams 213-1 to M to produce the individual light 
beams 210-1 to M with the respective wavelengths Aj to Aj^. The refiractive lens optical 
components 219-1 to M are all monolithically fabricated on the chip 104 and are all self 

15 assemblable on the chip 104 under the control of the control circuit 109. In its completely 
assembled state, each refractive lens optical component 2I9-m is configured to re-focus a 
corresponding filtered light beam 213-m to produce the corresponding individual light beam 
210-n with the wavelength 



Optical Grating Mirror Component 215 

20 Figs. 18, 19, 20, and 21 show the configuration of the grating mirror optical 

component 215 in its imassembled, first partially assembled, second partially assembled, and 
completely assembled states, respectively. Similar to each filter/lens optical component 
106-n of Figs. 2, 3, and 4, the grating mirror optical component 215 is monolithically 
fabricated on the chip 104 and self assemblable on the chip 104 under the control of the 

25 control circuit 1 09 . 

Like the lens/filter optical component 106-n of Figs. 2 to 4, the grating mirror optical 
component 215 comprises an element stmcture assembly 113 and a locking latch assembly 
114. However, the grating mirror optical component 21 S also comprises a moveable stage 
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assembly 222. The grating mirror optical component 215 further comprises corresponding 
portions of a semiconductor substrate 110 and an insulating layer 1 1 1 of the chip 104 of Fig. 
16. The element structure assembly 113, the locking latch assembly 114, and moveable stage 
assembly 222 are formed on this portion of the insulating layer 111, 
5 The moveable stage assembly 222 comprises a moveable stage 225, a micro- 

mechanical rotation hinge 226, and an actuator mechanism 120. The moveable stage 225 is 
configured so that it can be rotatably moved by the actuator mechanism 120. Specifically, the 
moveable stage 225 is rotatably coupled to the insulating layer 1 1 1 by the rotation hinge 226 
so that it can rotate about the rotation axis R7 of the rotation hinge 226 when the grating 
10 mirror optical component 215 is in its completely assembled state. The actuator mechanism 
120 is fixedly coupled to the moveable stage 225 and can be controlled by the control circuit 
109 of Fig. 17 to move along an arc so as to cause the moveable stage 225 to rotate about the 
rotation axis R7 when the grating mirror optical component 215 is in its completely 
assembled state. 

15 With respect to on-chip assembly of the grating mirror optical component 215, the 

element structure assembly 1 13 is configured and operates similar to the element stnicture 
assembly 1 13 of the filter/lens optical component 106-n of Figs. 2 to 4 except for the 
differences discussed next The element structure assembly 1 13 here comprises micro- 
mechanical hinges 229 instead of the hinges 116 and comprises an additional support arm 

20 230. The element structure 1 15 is pivotally coupled to the moveable stage 225 of the 
moveable stage assembly 222 by the hinges 229. Here, the support arm 230 is pivotally 
coupled to the support arm 1 19 by the hinge 1 1 8. A portion of the support arm 230 extends 
underneath and supports the left or right side of the element structure 115 that is adjacent to 
the hinges 117 and 1 18, the support arm 1 19, and the actuator mechanism 120 of the element 

25 structure assembly 113 without being physically coupled to the element stmcture 115. Thus, 
the hinges 229, 1 17, and 118 and the support arms 1 19 and 230 cooperatively translate the 
forward lateral movement of the actuator mechanism 120 into pivoting movement by the 
element structure about the rotation axis Rj of the hinges 229. This is done under the control 
of the control circuit 109 of Fig. 17 until the element stmcture 115 has been moved from its 
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lying position in Fig. 18 in the unassembled state of the grating mirror optical component 215 
to its upright position in Fig. 19 in the first partially assembled state of the grating mirror 
optical component 215. Although the element structure assembly 1 13 is shown comprising 
two hinges 229, those skilled in the art will recognize that one or more hinges 229 could be 
5 used. 

Proper alignment of the element structure 115 in its upright position is done in a 
similar manner to that described earlier for the element structure 1 15 of each filter/lens 
optical component 106-n. An optical input source is located so as to direct an input light 
beam at the element structure 1 15 in the desired path that the input light beam 205 would 

10 have in the MUX/DMUX 207-1 . Furthermore, an optical output collector would then be 
located so as to receive a wide spectrum output light beam in the desired path that the wide 
spectrum light beam 209 would have in the MUX/DMUX 207-1. The optical spectrum of the 
output light beam would then be analyzed with a spectrum analyzer. The pivoting of the 
element structure 115 would then be controlled imtil the optical spectrum provided by the 

1 5 spectrum analyzer indicated that the element structure 1 1 5 was in the desired upright 
position. As those skilled in the art will recognize, other methods could also be used to 
properly align the element structure 115. 

Referring ag2iin to Figs. 18 to 21, the locking latch assembly 1 14 is configured and 
operates like each locking latch assembly 1 14 of the filter/lens optical component 106-n of 

20 Figs. 2 to 4 except for the following differences. Like the element stmcture assembly 1 1 5 of 
the grating mirror optical component 215, the locking latch assembly 114 here comprises a 
hinge 229 instead of a hinge 116 and also comprises an additional support arm 230. The 
locking latch 121 is pivotally coupled to the moveable stage 225 of the moveable stage 
assembly 222 by the hinge 229. The slot 122 of the locking latch 121 is sized here to closely 

25 receive the corresponding left or right side of the element structure 1 1 5 in the locking 

position of the locking latch 121. Similar to the client structure assembly 1 13, the support 
arm 230 is pivotally coupled to the support arm 1 19 by the hinge 118. A portion of the 
support arm 230 extends undemeath and supports the left or right side of the locking latch 
121 that is adjacent to the hinges 1 17 and 1 18, the support arm 119, and the actuator 
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mechanism 120 of the locking latch assembly 114 without being physically coupled to the 
locking latch 121. The hinges 229, 117, and 118 and the support ann 119 therefore 
cooperatively translate the lateral forward movement of the actuator mechanism 120 into 
pivoting movement by the locking latch 121 about the rotation axis R4 of the hinges 229. 
5 This is done under the control of the control circuit 109 of Fig. 17 until the locking latch 121 
has been moved from its lying position in Fig. 19 in the first partially assembled state of the 
grating mirror optical component 215 to its locking position shown in Fig. 20 in the second 
partially assembled state of the grating mirror optical component 215. 

Then, under the control of the control circuit 109, the actuator mechanism 120 of each 

10 of the element structure and locking latch assemblies 113 and 1 14 is laterally moved 

backward in the manner shown in Fig. 21 . This removes the hinges 117 and 118 and the 
support arms 119 and 230 of each of the element structure and locking latch assemblies 1 13 
and 114 away from the moveable stage assembly 222 so that the moveable stage 225 can 
freely rotate about the rotation axis R7. As a result, the grating mirror optical component 215 

15 is then in its completely assembled state. 

Similar to that described earlier for the filter/lens optical component 106-n of Figs. 2 
to 4, the locking latch assembly 114 could be eliminated from the configuration of the grating 
mirror optical component 215 if the element structure 1 15 is stable enough for proper optical 
alignment in its upright position without the locking latch assembly 114. Or, more than one 

20 locking latch assembly 114 may be used to add even more stability. 

Referring back to Fig. 17, in its completely assembled state, tiie grating mirror optical 
component 215 is reconfigurable under the control of the control circuit 109 so that it can be 
properly tuned to spread the input light beam 205 out into its constituent wavelengths 
including the wavelengths A, to to produce the wide spectrum light beam 209. 

25 Specifically, under the control of the control circuit 109, the actuator mechanism 120 of the 
moveable stage assembly 222 can be controlled to move along an arc so as to cause the 
moveable stage 225 to rotate about the rotation axis R7 and properiy position the element 
structure 1 1 5 in the path of the input light beam 205. 
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Element Structure Assembly 1 13 
Fig. 22 shows the configuration of the element stmcture 115 of the element structure 
assembly 1 13 in Figs. 18 to 21 of the grating mirror optical component 215. Similar to the 
element structure 115 of Fig. 5 of each filter/lens optical component 106-n of Figs. 2 to 4, the 
5 element structure 115 comprises a support plate 127. However, here, the el^ent structure 
115 comprises a grating mirror optical element 232 formed on the support plate 127. The 
grating mirror optical element 232 comprises a metal plate 23 1 with vertical metal strips 233 
formed on the support plate 127. Alternatively, the support plate 127 could be etched to form 
a pattern of vertical strips in the support plate 127 coated with metal to produce the grating 
1 0 mirror optical element 232. The grating mirror optical element 232 is therefore configured to 
optically interact with the input light beam 205 of Fig. 17 to spread it out into its constituent 
wavelengths including the wavelengths A., to to produce the wide spectmm light beam 
209. 

Each hinge 229 of the element stmcture assembly 113 of Figs. 18 to 21 is configured 
1 5 and operates similar to each hinge 116 shown in Figs. 7 to 9 of each filter/lens optical 
component 106-n of Figs. 2 to 4. However, as shown in Figs. 23 to 25, there are a few 
significant differences that will be discussed next. Each hinge 229 does not include a base 
138 and anchors 134 since its hinge plate 130 is fixedly coupled to the moveable stage 225 of 
the moveable stage assembly 222. In fact, the hinge plate 130 may be integrally formed with 
20 the moveable stage 225. Furthermore, the hinge plate 133 is fixedly coupled to and may be 
integrally fomied with the support plate 127 of the element stmcture 115. 

The hinges 117 and 118, the support arm 119, and the actuator 120 of the element 
stmcture assembly 113 have a similar configuration and operation to those described earlier 
and shown in Figs. 10 to 13 for each filter/lens optical component 106-n of Figs. 2 to 4. 
25 However, referring to Figs. 26 and 27, the element stmcture assembly 113 also comprises an 
additional support arm 230. 

This support arm 230 is fixedly coupled to the hinge plate 130 of the hinge 1 18 by a 
via 148. A portion of the support arm 230 extends underneath and supports the left or right 
side of the element stmcture 115 that is adjacent to the hinges 117 and 1 18, the support arm 
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119, and the actuator mechanism 120 of the element structure assembly 113 without being 
physically coupled to the element stracture 115. 

Locking latch assembly 114 
The locking latch 121 of the locking latch assembly 1 14 of the grating mirror optical 
5 component 215 of Figs. 1 8 to 21 has a similar configuration and operation to that shown in 
Fig. 6 for the filter/lens optical component 106-n of Figs. 2 to 4. However, as mentioned 
earlier, the slot 122 of the locking latch 121 here is sized to closely receive the corresponding 
left or right side of the element structure 1 15 in the locking position of the locking latch 121. 
Each hinge 229 of the locking latch assembly 1 14 of Figs. 18 to 21 is configured and 
10 operates similar to that shown in Figs. 23 to 25 except for one major difference. Here, the 

hinge plate 133 is fixedly coupled to and may be integrally formed with the locking latch 121. 
And, pivoting of the hinge plate 133 and the locking latch 121 and rotation of the hinge pin 
131 occurs bout the rotation axis R4. 

The hinges 117 and 1 18, the support arm 119, and the actuator 120 of the locking 
15 latch assembly 1 14 have a similar configuration and operation to those described earlier and 
shown in Figs. 10 to 13 for each filter/lens optical component 106-n of Figs. 2 to 4. 
However, similar to the element structure assembly 1 13, the locking latch assembly 114 also 
comprises an additional support arm 230 that is configured and operates similar to that shown 
in Figs. 26 and 27. However, here, a portion of the support arm 230 extends undemeath and 
20 supports the left or right side of the locking latch 121 that is adjacent to the hinges 1 17 and 
1 18, the support arm 1 19, and the actuator mechanism 120 of the locking latch assembly 1 14 
without being physically coupled to the locking latch 121 . 

Moveable stage Assembly 222 
Fig. 28 shows the configuration of the rotation hinge 226. The rotation hinge 226 
25 comprises a lower bracket 235, a middle section 236, an anchor 154, and an upper bracket 
237. The lower bracket 235 is fixedly coupled to the insulating layer 111. The middle 
section 236 is oriented in a horizontal plane and also has an opening 238 that is oriented in 
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the horizontal plane. The anchor 154 is located within the opening 238 and extends down 
along the rotation axis R7 of the rotation hinge 226. This anchor 1 54 fixedly couples the 
lower and upper brackets 235 and 237 together. The upper and lower brackets 235 and 237 
are oriented parallel to the horizontal plane and have dimensions (i.e., cross sectional widths) 
5 parallel to the plane that are greater than the dimension (i.e., diameter) of the opening 238. 
As a result, movement of the middle section 236 relative to the lower and upper brackets 235 
and 237 is limited to rotation in the horizontal plane about the rotation axis R7. Thus, the 
anchor 154 serves as the hinge pin of the rotation hinge 226. 

The moveable stage 225 is fixedly coupled to the middle section 236 of the rotation 

10 hinge 226. In fact, the moveable stage 225 may be integrally formed with the middle section 
236. This enables the moveable stage 225 to rotate about the rotation axis R7 of the rotation 
hinge 226 as the middle section 236 rotates about the rotation axis R7. 

Referring back to Figs. 18 to 21, the actuator mechanism 120 of the grating mirror 
optical component 215 comprises two actuator sub-mechanisms 142. Figs. 29 and 30 show 

15 the configuration of each actuator sub-mechanism 120 of the grating mirror optical 
component 215. Except for a few differences to be discussed next, each actuator sub- 
mechanism 120 is configured and operates similar to the actuator sub-mechanism 142 shown 
in Figs. 14 to 16 and described earlier for each filter/lens optical component 106-n of Figs. 2 
to 4. One of the actuator sub-mechanisms 142 is configured for clockwise movement along 

20 an arc and the other is configured for coimter clockwise movement along the arc. Thus, the 
bias lines 150 and the contact rails 149 are arc shaped so that eac actuator sub-mechanism 
142 can travel along an arc. Furthermore, in the actuator sub-mechanism 142 configured for 
clockwise movement, the SDAs 144 are aligned for clockwise movement. Conversely, the 
SDAs 144 are aligned for counter clockwise movement in the actuator sub-mechanism 142 

25 configured for counter clockwise movement. Furthermore, each actuator sub-mechanism 142 
includes an insulating attachment bridge 141 that fixedly couples the support frame 143 of 
the actuator sub-mechanism 142 and the moveable stage 225. 

The moveable stage assembly 222 fiirther comprises a guide strip 241 that is ring 
shaped. Correspondingly, the moveable stage 225 comprises a contact rail 242 that is ring 
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shaped. The contact rail 242 slides on the guide strip 241 as the moveable stage 225 rotates. 
The contact rail 242 therefore enables the moveable stage 22S to rotatably slide on the guide 
strip 241 with niinimal friction and stiction.. The contact rail 242 may be continuous or may 
comprise a circle of protrusions or bumps. 
5 Referring back to Figs. 18 to 21, the moveable stage assembly 222 could further 

comprise guiding overhangs 140 similar to those of the moveable stage assembly 260 of Fig. 
33. In this case, the guide strip 241 of Fig. 30 would extend out past the circumference of the 
moveable stage 225 so that the guiding overhangs 140 could be fixedly coupled to the guide 
strip 241 with anchors 154. 

1 0 Furthermore, the moveable stage 225 could be crescent moon shaped with an opening 

that is closely sized to fit around the left and right sides of the element structure 115 and 
extends into the moveable structure until just before the rotation hinge 226 and the hinges 
229 of the element structure assembly 113. This would ensure that the portion of the support 
plate 127 under the metal strips 233 of the grating mirror optical element 232 would be made 

1 5 flat during fabrication. As a result, the metal strips 233 of the grating mirror optical element 
232 would be formed on a flat surface. 



Gate Filter Array 216 

As mentioned earher, the gate filter array 216 of Fig. 17 comprises MEMS gate filter 
optical components 218-1 toM. Each gate filter optical component 2 18-m is configured to 

20 pass a corresponding wavelength A.^ from among the other constituent wavelengths of the 
input light beam 205 that are around the wavelength Like each filter/lens optical 
component 106-n of Figs. 2 to 4, each gate filter optical component 218-m is monolithically 
fabricated on the chip 104 and is self assemblable on the chip 104 under the control of the 
control circuit 109. Furthermore, the configuration, operation, and self assembly of each gate 

25 filter optical component 218-m is similar to that of each filter/lens optical component 106-n 
except for the differences that are discussed next. 

Fig. 3 1 shows the configuration of each gate filter optical component 218-m in its 
unassembled state. Similar to each lens/filter optical component 106-n, each gate filter 
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optical component 218-m comprises an element structure assembly 11 3 and a locking latch 
assembly 1 14. Here, however, the element structure 115 comprises a support plate 127 and a 
gate filter optical element 247 formed on^n the support plate 127. Specifically, the gate filter 
optical element 247 comprises a slot 248 formed in the support plate 127. Furthermore, the 
5 slot 122 of the locking latch 121 of the locking latch assembly 1 14 is sized to closely receive 
the corresponding left or right side of the element structure 1 15 in the locking position of the 
locking latch 121 . The gate filter optical element 247 is configured to optically interact with 
the wide spectrum light beam 209 in Fig. 17 to extract the corresponding wavelength 
produce the corresponding filtered light beam 213-m. 

10 The partially assembled and completely assembled states of each gate filter optical 

component 21 8-m are similar to those of each filter/lens optical component 106-n shown in 
Figs. 3 and 4, respectively. Except for the few differences just discussed, the element 
stracture assembly 1 13 and the locking latch assembly 1 14 are otherwise configured and 
operate similar to the element structure assembly 1 13 and locking latch assemblies 1 14 in 

15 Figs. 2 to 4 of each filter/lens optical component 106-n. 

Refiractive Lens Arrav 217 
Referring back to Fig. 17, the refi-active lens array 217 comprises MEMS refiractive 
lens optical components 219-1 to M, as mentioned earlier. Each refractive lens optical 
component 219-m is configured to re-focus a corresponding wavelength to produce the 
20 corresponding individual light beam 210-m with the wavelength X^. Like each filter/lens 
optical component 106-n of Figs. 2 to 4, each refi-active lens optical component 219-m is 
monolithically fabricated on the chip 104 and self assemblable on the chip 104 under the 
control of the control circuit 109. Furthermore, the configuration, operation, and self 
assembly of each refi-active lens optical component 219-m is similar to that of each filter/lens 
25 optical component 106-n except for the differences that are discussed next. 

Fig. 32 shows the configuration of refiractive lens optical component 219-m in its 
imassembled state. Similar to each lens/filter optical component 106-n, each refractive lens 
optical component 219-m comprises an element structure assembly 113 and a locking latch 
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assembly 114. Here, however, the element structure 1 15 comprises a support plate 127 and a 
refractive lens optical element 252 formed on the support plate 127. The refractive lens 
optical element 252 is shaped and configured to optically interact with the corresponding 
filtered light beam 213-m by focusing it to the attenuator array 208 of Fig. 17 as the 
5 corresponding individual light beam 210-m. Correspondingly, the refractive lens component 
219-m is configured on the chip 104 in Fig. 17 in order to accomplish this function. The slot 
122 of the locking latch 121 of the locking latch assembly 1 14 is sized to closely receive the 
corresponding left or right side of the element structure 1 15 in the locking position of the 
locking latch 121. 

10 The partially assembled and completely assembled states of each refractive lens 

optical component 219-m are similar to those of each filter/lens optical component 106-n 
shown in Figs. 3 and 4, respectively. Except for the few differences just discussed, the 
element structure assembly 1 13 and the locking latch assembly 1 14 are otherwise configured 
and operate similar to the element structure assembly 1 13 and locking latch assemblies 1 14 in 

15 Figs, 2 to 4 of each filter/lens optical component 106-n. 

Attenuator Array 208 
Referring back to Fig. 17, the attenuator array 208 comprises MEMS attenuators 
255-1 to M for separately regulating the power levels of the individual light beams 210-1 to 
M by separately attenuating them. This produces the separately regulated light beams 211-1 

20 to M with respective wavelengths to and respective regulated power levels. In doing 
so, each attenuator 255-m is configured to regulating the power level of a corresponding 
individual light beam 210-m by attenuating it. This results in a corresponding regulated light 
beam 21 1-m with a corresponding wavelength X^^ and corresponding regulated power level. 
Each attenuator 255-m is monolithically fabricated on the chip 104 and is self assemblable on 

25 and reconfigurable on the chip 104 under the control of the control circuit 109. Thus, the 
entire attenuator array 208 is itself self assemblable on and reconfigurable on the chip 104 
under the control of the control circuit 109. 
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Each attenuator 2S5-m comprises a corresponding MEMS refractive lens optical 
component 256-m, a MEMS gate filter optical component 218-m, and a MEMS refractive 
lens optical component 259-m. The refractive lens optical component 256-m, the gate filter 
optical component 218-m, and the refractive lens optical component 259-m are all 
5 monolithically fabricated on the chip 104 and self assemblable on the chip 104 imder the 
control of the control circuit 109. 

In its completely assembled state, the refractive lens optical component 256-m is 
configured on the chip 104 to diverge the corresponding individual light beam 210-m to 
produce a divergent light beam 257-m with the corresponding wavelength A„. The gate filter 

1 0 optical component 21 8-m, in its completely assembled state, allows only a portion of the 
divergent light beam 257-m to pass through it. This attenuates the power level of the 
divergent light beam 257-m and produces the corresponding attenuated light beam 25 8-m 
with the corresponding wavelength at the attenuated power level. In its completely 
assembled state, the refractive lens optical component 256-m is reconfigurable under the 

15 control of the control circuit 109 in that it can be laterally moved forward and/or backward in 
the path of the corresponding individual light beam 210-m to regulate the amount of the 
divergent light beam 257-m that passes through the gate filter optical component 218-m. In 
this way, the attenuated power level of the attenuated light beam 258-m can be regulated 
under the control of the control circuit 109. The refractive lens optical component 259-m, in 

20 its completely assembled state, is configured on the chip 104 to converge the attenuated light 
beam 258-m. This produces the corresponding regulated light beam 21 1-m with the 
corresponding wavelength A„ and corresponding regulated power level that was discussed 
earlier. 



Refractive Lens Ootical Component 256-m 
25 Fig. 33 shows the configuration of each refractive lens optical component 256-m in its 

unassembled state. Each refractive lens optical component 256-m comprises a moveable 
stage assembly 260, an element structure assembly 113, and a locking latch assembly 114. 
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The moveable stage assembly 260 is configured and operates in a similar manner to 
the moveable stage assembly 220 of the grating mirror optical component 215 of Figs. 18 to 
21 . Here, however, the moveable stage assembly 260 comprises a moveable stage 262, a 
guide plate 263, corresponding guiding overhangs 140, and a corresponding actuator 
5 mechanism 120. To enable the moveable stage 262 to laterally move forward and backward, 
the moveable stage 262, the guide plate 263, the corresponding guiding overhangs 140, and 
the corresponding actuator mechanism 120 are configured and operate in a similar manner to 
the hinge plate 130, the guide plate 139, the corresponding guiding overhangs 140, and the 
corresponding actuator mechanism 120 in Figs. 10 to 16 of the element structure assembly 

10 113 ofFigs. 2to4. 

Specifically, the moveable stage 262 comprises contact rails 149 (not shown) like 
those of the hinge plate 130 in Fig. 13 to enable the moveable stage 262 to laterally slide on 
the guide plate 263 with minimal friction and stiction. Each contact rail 149 (not shown) 
may be continuous or may comprise a row of protrusions or bumps. The guiding overhangs 

1 5 140 are fixedly coupled to the guide plate 263 with anchors 1 54 (not shown) and together 
guide the moveable stage 262 as it moves laterally on the guide plate 263. Furthermore, the 
moveable stage 262 is fixedly coupled to the actuator mechanism 120 with the insulating 
attachment bridge 141 . 

Similar to each refractive lens optical component 219-m in Fig. 33, the element 

20 structure assembly 1 13 of each refractive lens optical component 256-m comprises an 

element structure 115 that comprises a support plate 127 and a refractive lens optical element 
265 formed on the support plate 127. Here, the refractive lens optical element 265 is shaped 
and configured to optically interact with the corresponding individual light beam 210-m in 
Fig, 17 by diverging it to produce the corresponding divergent light beam 257-m. 

25 Correspondingly, the refractive lens component 256-m is configured on the chip 104 in Fig. 
17 in order to accomplish this function. 

Furthermore, similar to the element structure assembly 1 13 in Figs. 1 8 to 21 of the 
grating mirror optical component 215, the element structure assembly 1 13 here comprises 
hinges 229. The element structure 1 15 is pivotally coupled to the moveable stage 262 by the 
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hinges 229 in a similar manner in which the hinges 229 in Figs. 18 to 21 of the element 
structure assembly 113 pivotally couple the element structure 115 there to the moveable stage 
225. The hinges 229 are each configured like that shown in Figs. 23 to 25. 

Like the moveable stage 225 of Figs. 18 to 21, the moveable stage 262 could be 
5 crescent moon shaped with an opening that is closely sized to fit around the left and right 
sides of the element structure 115 and extends into the moveable structure 262 until just 
before the rotation hinge 226 and the hinges 229 of the element structure assembly 113, This 
would ensure that the portion of the support plate 127 under the refractive lens optical 
element 265 would be made flat during fabrication. As a result, the refi-active lens optical 

1 0 element 265 of the grating mirror 232 would be formed on a flat surface. 

The locking latch assembly 1 14 here also comprises hinges 229. These hinges 229 
pivotally couple the locking latch 121 to the moveable stage 262. This is done in a similar 
manner in which the hinges 229 in Figs. 1 8 to 21 of the locking latch assembly 1 14 of the 
grating mirror optical component 215 pivotally couple the locking latch 121 there to the 

1 5 moveable stage 225. The hinges 229 here are each also configured like that shown in Figs. 
23 to 25 except that the hinge plate 133 is fixedly coupled to the locking latch 121. The slot 
122 of the locking latch 121 of the locking latch assembly 1 14 is sized to closely receive the 
corresponding left or right side of the element structure 1 1 5 in the locking position of the 
locking latch 121. 

20 The first partially assembled, second partially assembled, and completely assembled 

states of each refiractive lens optical component 256-m are similar to those of the grating 
mirror optical component 215 shown in Figs. 19, 20, and 21, respectively. Here, however, 
the moveable stage assembly 260 is substituted for the moveable stage assembly 222 and a 
different element structure 1 15 is used. Except for the differences just discussed, the 

25 moveable stage assembly 260, the element structure assembly 113, and the locking latch 
assembly 114 are otherwise configured and operate similar to the moveable stage assembly 
222, the element stmcture assembly 1 13, and the locking latch assembly 1 14 in Figs. 18 to 21 
of the grating mirror optical component 215. 
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As mentioned before, in its completely assembled state, the refractive lens optical 
component 256-m is reconfigurable under the control of the control circuit 109 in that it can 
be laterally moved forward and/or backward in the path of the corresponding individual light 
beam 21 0-m to regulate the amount of the divergent light beam 257-m that passes through the 
5 gate filter optical component 21 8-m. Specifically, under the control of the control circuit 
109, the actuator mechanism 120 of the moveable stage assembly 260 can be controlled to 
move laterally forward or backward so as to cause the moveable stage 225 to move laterally 
forward or backward in the path of the corresponding individual light beam 21 0-m and 
properly position the element structure 1 15 in the path of the input light beam 21 0-m. 

10 Gate Filter Optical Component 218-m 

The configuration, operation, and self assembly of the gate filter optical component 
21 8-m of each attenuator 255-m is similar to that described earlier for each gate filter optical 
component 218-m of the gate filter array 216 of the MUX/DMUX 207-1 . Therefore, that 
description applies here as well to the gate filter optical component 218-m of each attenuator 

15 255-m. 

Refractive Lens Optical Component 259-m 
Fig. 34 shows the configuration of each refractive lens optical component 259-m of 
each attenuator 255-m in its unassembled state. Except for the differences that will be 
20 discussed neTCt, the configuration, operation, and self assembly of the refractive lens optical 
component 259-m of each attenuator 255-m is similar to that described earlier for each 
refractive lens optical component 219-m in Fig. 32 of the refractive lens array 217 of Fig. 17, 
The refractive lens optical component 259-m comprises an element structure 115 like 
that shown in Fig. 33 for the refractive lens optical component 256-m. The refractive lens 
25 optical element 265 is shaped for converging the corresponding attenuated light beam 258-m 
to produce the corresponding regulated light beam 21 1-m. Correspondingly, the refractive 
lens component 259-m is configured on the chip 104 in Fig. 17 in order to accomplish this 
function. 
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MUX/DMUX 207>2 

Referring back to Fig. 17, in contrast to the MUX/DMUX 207-1, the MUX/DMUX 
207-2 is configured on the chip 104 and used in the optical network 200 for multiplexing. 
5 The MUX/DMUX 207-2 has otherwise the same configuration and self-assembly as the 
MUX/DMUX 207-1 . Furthermore, the operation of the MUX/DMUX 207-2 in the optical 
network 100 is the reciprocal of that discussed for the MUX/DMUX 207-1. 

Fabrication Process 

The WDM power regulator 203 may be fabricated using a three polysilicon layer 

10 process. This of course also means that the MUX/DMUXs 207-1 and 207-2, the attenuator 
array 208, the grating mirror optical component 215, the gate filter airay 216, the refractive 
lens array 217, each attenuator 255-m, each gate filter optical component 21 8-m, each 
refractive lens optical component 219-m, each refractive lens optical component 256-m, each 
refractive lens optical component 259-m, and each attenuator 270-m may each be formed 

1 S with this same three polysilicon layer process. 

This three polysilicon layer process is similar to that described earlier for the 
MUX/DMUX 103. In fact, the formation of elements with the same reference nimierals as in 
the MUX/DMUX 103 will be the same. As a result, only the differences in the three 
polysilicon layer process with respect to formation of new elements will be discussed next. 

20 Here, the first polysilicon layer (poly 0) is further selectively patterned on the 

insulating layer 1 1 1 to form the guide strip 241 in Fig. 30 of each moveable stage assembly 
222, the lower bracket 235 in Fig. 28 of each rotation hinge 226, and the guide plate 263 in 
Fig. 33 of each moveable stage assembly 260. 

The first sacrificial layer is further selectively etched to form dimples in the first 

25 sacrificial layer for forming the contact rail 242 in Fig. 30 of each moveable stage 225 and 
the rails 149 (not shown) of each moveable stage 262 in Fig. 33. Furthermore, the first 
sacrificial layer is also selectively etched down to the lower bracket 235 in Fig. 28 of each 
rotation hinge 226 and down to the guide plate 263 in Fig. 33 of each moveable stage 
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assembly 260 to form openings in tlie first sacrificial layer for the anchor 1 54 of each rotation 
hinge 226 and the anchors 154 (not shown) for the guiding overhangs 140 of each moveable 
stage assembly 260. 

The second poly silicon layer (poly 1 ) is fiirther deposited in the openings just 
5 mentioned. The second polysilicon layer is then further selectively patterned to form the 
lower portion of the anchors just mentioned, the middle section 236 in Fig. 28 of each 
rotation hinge 226, the moveable stage 225 in Figs. 28 and 30 including the contact rail 242, 
the moveable stage 262 in Fig. 33 including the contact rails 149 (not shown), the hinge plate 
130 in Figs. 23 to 25 of each hinge 229, and the support arm 230 in Figs. 26 and 27 of each 
10 element structure assembly 1 13 and each locking latch assembly 114. 

The second sacrificial layer is fiirther selectively etched down to the support arm 230 
in Figs. 26 and 27 of each element structure assembly 1 13 and each locking latch assembly 
1 14 and down to the hinge plate 130 in Figs. 23 to 25 of each hinge 229 to form openings for 
the corresponding vias 148. The second sacrificial layer is also selectively etched down to 
1 5 the lower portions of the anchor 1 54 in Figs. 24 and 25 of each rotation hinge 226 and the 
anchors 154 (not shown) in Fig. 33 of each moveable stage assembly 260 to form openings 
for the upper portions of these anchors 1 54. 

The third polysilicon layer (poly 2) is further deposited in the openings just 
mentioned. The third polysilicon layer is then further selectively patterned to form the upper 
20 portions of the anchors 1 54 just mentioned, the vias 1 48 just mentioned, the upper bracket 
237 of each rotation hinge 226, the hinge plate 133 and locking arm 132 in Figs. 23 to 25 of 
each hmge 229, and the guiding oveihangs 140 in Fig. 33 of each moveable stage assembly 
260. The third polysilicon layer (poly 2) is fiirther selectively patterned to form the slot 248 
in Fig. 3 1 in the support plate 127 of the element structure 1 15 of each gate filter optical 
25 component 2 1 8-m. 

The third sacrificial layer is further selectively etched to down to the support plate 127 
in Fig. 22 of the element stracture 115 of each grating mirror optical component 215 to form 
' openings for the formation of the metal strips 233 . 
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Then, a metal layer, such as gold, is deposited on the third sacrificial layer in the 
openings just mentioned. The metal layer is then selectively patterned to form the metal plate 
23 1 and the metal strips 233 . 

The third sacrificial layer is then further selectively etched down to the support plates 
5 127 in Figs. 32 to 34 of the element structures 1 15 of each grating mirror optical component 
215 and each refractive lens optical component 2I9-m, 256-m, and 259-m to form openings 
for the formation of the refractive lenses 252 and 265. 

Then, a lens forming layer, such as a polyamide (i.e., a photoresist), silicon nitride, or 
polysilicon (i.e., a fourth polysilicon layer (poly 3)), is then deposited on the third sacrificial 
10 layer and in the openings just mentioned. This layer is then patterned to form the lenses 252 
and 265 just mentioned. 

Finally, the first, second, and third sacrificial layers are removed. This frees all of the 
hinges 1 16, 1 17, 1 18, 226, and 229, the element structures 1 15, the locking latchs 121, the 
moveable stages 225, the moveable stages 262, support arms 230, and the actuator 
15 mechanisms 120 in Figs. 18 to 21 and 31 to 34 for movement in the maimer described earlier. 

Conclusion 

The present invention may be embodied as any optical network, such as the optical 
network 100 of Fig. 1 and/or the network 200 of Fig. 17, that comprises one or more optical 
input sources and one or more optical output collectors, such as the optical input source 101 

20 and/or the optical output collectors 102-1, 2, 3, 4, N of Fig. 1 and/or the optical input 

source 201 and/or the optical output collector 202 of Fig. 17, and an optical device, such as 
the MUX/DMUX 103 of Fig. 1, the WDM power regulator 203 of Fig. 17, the 
MUX/DMUXs 207-1 and 207-2 of Fig. 17, the attenuator 255-m of Fig. 17, and/or the 
attenuator 270-m, that is optically coupled between the optical input sources and the optical 

25 output collectors and is integrated on an integrated MEMS chip, such as chip 104 of Fig. 1 or 
Fig. 17. The optical device could additionally be or comprise a switch, a filter apparatus, a 
wavemeter, a power regulator, an attenuator, and/or some other optical device. 
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The optical device includes one or more monolithically fabricated, on-chip 
assemblable, MEMS optical components, such as the filter/lens optical component 105 of 
Fig. 1, the filter/lens optical components 106-n of Figs. 2 to 4, the grating mirror optical 
component 215 of Figs. 18 to 21, the gate filter optical component 2 18-m of Fig. 31, the 

5 refractive lens optical component 219-m of Fig. 32, the refractive lens optical component 
256-m of Fig. 33, and the refractive lens optical component 259-m of Fig. 34, integrated on 
the chip in accordance with the invention. These optical components could comprise one or 
more of a filter, mirror, lens, tuning plate, and/or some other optical component. 

Furthermore, some of the elements of the optical components 105, 106-n, 215, 218-m, 

10 219-m, 256-m, and 259-m described herein can be used in other applications. For example, 
the hinges 116, 117, 1 18, 226, and 229, the support arms 1 19, and the actuator mechanisms 
120 can be used in quasi-optical systems and RF devices, as disclosed in copending PCT 

Patent Applications Ser. Nos. ^ and ^ 

having respective attorney docket nos. FP-68000/JAS/SMK and FP-67999/JAS/SMK, with 

1 5 respective titles MEMS TRANSMISSION AND CIRCUIT COMPONENTS and 

RECONFIGURABLE QUASI-OPTICAL UNIT CELLS, and filed on June 9, 2000. As 
mentioned earlier, these copending applications are hereby incorporated by reference. 

Finally, while the present invention has been described with reference to a few 
specific embodiments, the description is illustrative of the invention and is not to be 

20 constmed as limiting the invention. Various modifications may occur to those skilled in the 
art without departing firom the true spirit and scope of the invention as defined by the 
appraded claims. 



4; 
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What is claimed is: 

1 . A MEMS optical component formed on a integrated MEMS chip oriented in a 
horizontal plane, the MEMS optical component comprising: 

an element structure assembly comprising: 
5 a corresponding actuator mechanism formed on the integrated MEMS chip, 

the corresponding actuator mechanism being configured to be controlled to move laterally on 
the integrated MEMS chip; 

an element stnicture formed on and pivotally coupled to the integrated MEMS 
chip and moveably coupled to the corresponding actuator mechanism, the element structure 
10 having a lying position generally parallel to the horizontal plane and an upright position 

generally perpendicular to the horizontal plane, the element structure comprising an optical 
element that is configured to optically interact with an input light beam when in the upright 
position; 

wherein, when the corresponding actuator mechanism is controlled to move 
1 5 laterally, the element structure pivots so as to move from the lying position to the upright 
position so that the optical element optically interacts with the input light beam. 

2. The MEMS optical component of claim 1 wherein the element structure assembly 
further comprises: 

a corresponding first hinge configured to pivotally couple the element structure to the 
20 insulating layer; 

a corresponding support arm, a corresponding second hinge, and a corresponding 
third hinge configured to moveably couple the element structure to the corresponding 
actuator mechanism, the corresponding second hinge being configured to pivotally couple a 
first end of the corresponding support aim to the corresponding actuator mechanism, the 
25 corresponding third hinge being configured to pivotally couple a second end of the 
corresponding support arm to the element structure. 
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3. The MEMS optical component of claim 2 wherein the MEMS optical component is 
monolithically fabricated on the integrated MEMS chip. 

4. The MEMS optical component of claim 1 further comprising a locking latch 
assembly, the locking latch assembly comprising: 

5 a corresponding actuator mechanism formed on the insulating layer, the 

corresponding actuator mechanism being configured to be controUably moved laterally with 
respect to the insulating layer; 

a locking latch pivotally coupled to the insulating layer and moveably coupled to the 
corresponding actuator mechanism, the locking latch having a slot sized to closely receive a 
1 0 side of the element structure, the locking latch having a lying position parallel to the 

insulating layer and a locking position in which the slot receives the side of the element 
structure when the element structure is in the upright position; 

wherein, when the corresponding actuator mechanism is controlled to move laterally, 
the locking latch pivots so as to move fi-om the lying position to the locking position. 

15 5. The MEMS optical component of claim 1 wherein: 
the element structure assembly further comprises: 

a corresponding first hinge configured to pivotally couple the element 
stmcture to the insulating layer; 

a corresponding support arm, a corresponding second hinge, and a 
20 corresponding third hinge configured to moveably couple the element structure to the 
corresponding actuator mechanism, the corresponding second hinge being configured to 
pivotally couple a first end of the corresponding support arm to the corresponding actuator 
mechanism, the corresponding third hinge being configured to pivotally couple a second end 
of the corresponding support arm to the element structure; and 
25 the locking latch assembly further comprises: 

a corresponding first hinge configured to pivotally couple the locking latch to 
the insulating layer; 
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a corresponding support arm, a corresponding second hinge, and a 
corresponding third hinge configured to moveably couple the locking latch to the 
corresponding actuator mechanism of the locking latch assembly, the corresponding second 
hinge being configured to pivotally couple a first end of the corresponding support arm to the 
5 corresponding actuator mechanism of the locking latch assembly, the corresponding third 
hinge being configured to pivotally couple a second end of the corresponding support arm to 
the locking latch. 

6. The MEMS optical component of claim 5 wherein the MEMS optical component is 
monolithiocally fabricated on the integrated MEMS chip. 

10 7. An optical device integrated on a integrated MEMS chip, the integrated MEMS chip 
being oriented in a horizontal plane, the optical device comprising one or more MEMS 
optical components, each of the MEMS optical components comprising: 
an element stmcture assembly comprising: 

a corresponding actuator mechanism formed on the integrated MEMS chip, 
15 the corresponding actuator mechanism being configured to be controlled to move laterally on 
the integrated MEMS chip; 

an element structure formed on and pivotally coupled to the integrated MEMS 
chip and moveably coupled to the corresponding actuator mechanism, the element structure 
having a lying position generally parallel to the horizontal plane and an upright position 
20 generally perpendicular to the horizontal plane, the element stmcture comprising an optical 
element that is configured to optically interact with an input light beam when in the upright 
position; 

wherein, when the corresponding actuator mechanism is controlled to move 
laterally, the element structure pivots so as to move from the lying position to the upright 
25 position so that the optical element can optically interact with the input light beam. 
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8. The optical device of claim 7 wherein the element stmcture assembly of each MEMS 
optical component further comprises: 

a corresponding first hinge configured to pivotally couple the element stmcture to the 
insulating layer; 

5 a corresponding support arm, a corresponding second hinge, and a corresponding 

third hinge configured to moveably couple the element structure to the corresponding 
actuator mechanism, the corresponding second hinge being configured to pivotally couple a 
first end of the corresponding support arm to the corresponding actuator mechanism, the 
corresponding third hinge being configured to pivotally couple a second end of the 
10 corresponding support arm to the element stmcture. 

9. The optic2il device of claim 8 wherein each of the MEMS optical components is 
monolithiocally fabricated on the integrated MEMS chip. 

10. The optical device of claim 7 wherein each of the MEMS optical components fiirther 
comprises a locking latch assembly, the locking latch assembly comprising: 

15 a corresponding actuator mechanism formed on the insulating layer, the 

corresponding actuator mechanism being configured to be controUably moved laterally with 

respect to the insulating layer; 

a locking latch pivotally coupled to the insulating layer and moveably coupled to the 

corresponding actuator mechanism, the locking latch having a slot sized to closely receive a 
20 side of the element stmcture, the locking latch having a lying position parallel to the 

insulating layer and a locking position in which the slot receives the side of the element 

stmcture when the element stmcture is in the upright position; 

wherein, when the corresponding actuator mechanism is controlled to move laterally, 

the locking latch pivots so as to move from the lying position to the locking position. 

25 11. The optical device of claim 1 0 wherein: 
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the element structure assembly of each of the MEMS optical components further 
comprises: 

a corresponding first hinge configured to pivotally couple the element 
structure to the insulating layer; 

5 a corresponding support arm, a corresponding second hinge, and a 

corresponding third hinge configured to moveably couple the element structure to the 
corresponding actuator mechanism, the corresponding second hinge being configured to 
pivotally couple a first end of the corresponding support arm to the corresponding actuator 
mechanism, the corresponding third hinge being configured to pivotally couple a second end 

10 of the corresponding support arm to the element structure; and 

the locking latch assembly of each of the MEMS optical components fiirther 
comprises: 

a corresponding first hinge configured to pivotally couple the locking latch to 
the insulating layer, 

15 a corresponding support arm, a corresponding second hinge, and a 

corresponding third hinge configured to moveably couple the locking latch to the 
corresponding actuator mechanism of the locking latch assembly, the corresponding second 
hinge being configured to pivotally couple a first end of the corresponding support arm to the 
corresponding actuator mechanism of the locking latch assembly, the corresponding third 

20 hinge being configured to pivotally couple a second end of the corresponding support arm to 
the locking latch. 

12, The MEMS optical component of claim 1 1 wherein each of the MEMS optical 
components is monolithiocally fabricated on the integrated MEMS chip. 



13. An optical network comprising: 
25 one or more optical input sources; 

one or more optical output collectors; and 
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an optical device optically coupled between the one or more optical input sources and 
the one or more optical ou^ut collectors, the optical device being formed on a integrated 
MEMS chip, the integrated MEMS chip being oriented in a horizontal plane, the optical 
device comprising one or more MEMS optical components, each of the MEMS optical 
S components comprising: 

an element staicture assembly comprising: 

a corresponding actuator mechanism formed on the integrated M^4S 
chip, the corresponding actuator mechanism being configured to be controlled to move 
laterally on the integrated MEMS chip; 
10 an element structure foraied on and pivotaliy coupled to the integrated 

MEMS chip and moveably coupled to the corresponding actuator mechanism, the element 
stmcture having a lying position generally parallel to the horizontal plane and an upright 
position generally perpendicular to the horizontal plane, the element structure comprising an 
optical element that is configured to optically interact with an input light beam when in the 
1 5 upright position; 

wherein, when the corresponding actuator mechanism is controlled to 
move laterally, the element stmcture pivots so as to move from the lying position to the 
upright position so that the optical element can optically interacting with the input light 
beam. 

20 14. The optical network of claim 1 3 wherein the element structure assembly of each 
MEMS optical component further comprises: 

a corresponding first hinge configured to pivotaliy couple the element structure to the 
insulating layer; 

a corresponding support arm, a corresponding second hinge, and a corresponding 
25 third hinge configured to moveably couple the element structure to the corresponding 

actuator mechanism, the corresponding second hinge being configured to pivotaliy couple a 
first end of the corresponding support arm to the corresponding actuator mechanism, the 
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corresponding third hinge being configured to pivotally couple a second end of the 
corresponding support arm to the element structure. 

15. The optical network of claim 15 wherein each of the MEMS optical components is 
monolithiocally fabricated on the integrated MEMS chip. 

5 16. The optical network of claim 13 wherein each of the MEMS optical components 
further comprises a locking latch assembly, the locking latch assembly comprising: 

a corresponding actuator mechanism formed on the insulating layer, the 
corresponding actuator mechanism being configured to be controUably moved laterally with 
respect to the insulating layer; 

10 a locking latch pivotally coupled to the insulating layer and moveably coupled to the 

corresponding actuator mechanism, the locking latch having a slot sized to closely receive a 
side of the element structure, the locking latch having a lying position parallel to the 
insulating layer and a locking position in which the slot receives the side of the element 
structure when the element structure is in the upright position; 

15 wherein, when the corresponding actuator mechanism is controlled to move laterally, 

the locking latch pivots so as to move from the lying position to the locking position. 

17. The optical network of claim 16 wherein: 

the element structure assembly of each of the MEMS optical components further 
comprises: 

20 a corresponding first hinge configured to pivotally couple the element 

structure to the insulating layer; 

a corresponding support arm, a corresponding second hinge, and a 
corresponding third hinge configured to moveably couple the element structure to the 
corresponding actuator mechanism, the corresponding second hinge being configured to 

25 pivotally couple a first end of the corresponding support arm to the corresponding actuator 
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mechanism, the corresponding third hinge being configured to pivotally couple a second end 
of the corresponding support arm to the element structure; and 

the locking latch assembly of each of the MEMS optical components further 
comprises: 

5 a corresponding first hinge configured to pivotally couple the locking latch to 

the insulating layer, 

a corresponding support arm, a corresponding second hinge, and a 
corresponding third hinge configured to moveably couple the locking latch to the 
corresponding actuator mechanism of the locking latch assembly, the corresponding second 
10 hinge being configured to pivotally couple a first end of the corresponding support arm to the 
corresponding actuator mechanism of the locking latch assembly, the corresponding third 
hinge being configured to pivotally couple a second end of the corresponding support arm to 
the locking latch. 

18. The MEMS optical component of claim 17 wherein each of the MEMS optical 
15 components is monolithiocally fabricated on the integrated MEMS chip. 

19. A MEMS optical component formed on a integrated MEMS chip, the MEMS optical 
component comprising: 

a moveable stage assembly comprising: 

an actuator mechanism formed on the integrated MEMS chip, the actuator 
20 mechanism being configured to be controlled to move on the integrated MEMS chip; 

a moveable stage formed on the integrated MEMS chip and fixedly coupled to 
the actuator mechanism, the moveable stage being configured to be moved on the integrated 
MEMS chip; 

an element structure coupled to the moveable stage and comprising an optical 
25 element; 

wherein, when the actuator mechanism is controlled to move, the moveable stage 
moves the element structure. 
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20. An optical device integrated on a integrated MEMS chip, the optical device 
comprising one or more MEMS optical components, each of the MEMS optical components 
comprising: 

a moveable stage assembly comprising: 
5 an actuator mechanism formed on the integrated MEMS chip, the actuator 

mechanism being configured to be controlled to move on the integrated MEMS chip; 

a moveable stage fonned on the integrated MEMS chip and fixedly coupled to 
the actuator mechanism, the moveable stage being configured to be moved on the integrated 
MEMS chip; 

10 an element structure coupled to the moveable stage and comprising an optical 

element; 

wherein, when the actuator mechanism is controlled to move, the moveable stage 
moves the element stmcture. 

21. An optical network comprising: 
15 one or more optical input sources; 

one or more optical output collectors; and 

an optical device optically coupled between the one or more optical input sources and 
the one or more optical ou^ut collectors, the optical device being formed on a integrated 
MEMS chip, the optical device comprising one or more MEMS optical components, each of 
20 the MEMS optical components comprising: 

a moveable stage assembly comprising: 

an actuator mechanism formed on the integrated MEMS chip, the actuator 
mechanism being configured to be controlled to move on the integrated MEMS chip; 

a moveable stage fonned on the integrated MEMS chip and fixedly coupled to 
25 the actuator mechanism, the moveable stage being configured to be moved on the integrated 
MmiS chip; 

an element structure coupled to the moveable stage and comprising an optical 
element; 
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wherein, when the actuator mechanism is controlled to move, the moveable stage 
moves the element stmcture. 
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I [ Basis of the report 

II Q Priority 

III I I Non-establishment of report with regard to novelty, inventive step or industrial applicability 

IV I x| Lack of unity of invention 

V I X| Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
— citations and explanations supporting such statement 

VI [ I Certain documents cited 

VII I I Certain defects in the international application 

VIII I I Certain observations on the intemational application 



Date of submission of the demand 
11 JANUARY 2001 


Date of completion of this report 
24 MARCH 2001 


Name and mailing address of the IPEA/US 

Commissioner of Patents and Tiademaiks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-7724 


Authorized officer 

T^ephone No, 703-308-4820 



Form PCT/IPEA/409 (cover sheet) (July 1998) * 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



latanatio^rapplicatiaii No. 
PCTAJSOO/16023 



1. Basis f the rep rt 



1. With r^^id to die eiemwits of the intenwtinnai aiylicatinn-* 
I X I the international application as originally filed 

Sthe description: 
1-42 



pages 
pages 
pages 



NONE 



_ , as originally filed 
filed with the demand 



NONE 



, filed with the letter of 



I x| the claims: 

pages 

pages 

pages 

pages 



43-52 



NONE 



NONE 



, as originally filed 

, as amended (together with any statement) under Article 1 9 
, filed with the demand 



NONE 



, filed with the letter of 



I x| the drawings: 



pages 
pages 
pages 



1-32 



NONE 



, as originally filed 

, filed with the demand 



NONE 



, filed with the letter of 



I x| the sequence listing part of the description: 

pages NONE 

pages 



NONE 



, as originally filed 

, filed with the demand 



pages 



NONE 



, filed with the letter of 



2. With regard to the language, all the elements madced above were available or furnished to this Authority in the language in \^ch 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language ^wdiich is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminaiy examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in printed form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable fonn is identical to the writen sequence listing has 
' — ' been furnished. 

^ I x| The amendments have resulted in the cancellation of: 

S the description, pages NONE 

the claims, Nos. 



I x| the drawings, sheets/ftg 



NONE 

NONE 



5. I I This report has been drawn as if (some ot) the amendments had not been made, since they have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70. J 6 
and 70,17), 

*Mwv replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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^licatioa No. 
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IV. Lack f unity f inv nti n 



1. In response to the invitation to restrict or pay additional fees the applicant has: 
j I restricted the claims. 
I I paid additional fees. 
I I paid additional fees under protest. 
I I neither restricted nor paid additional fees. 

2. I ^1 This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 

' not to invite the applicant to restrict or pay additional fees. 



68. 



3. Hiis Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 
I I conq^lied with. 

[ x| J^ot con^)lied with for the following reasons: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. 

Group I. claims 1-18, drawn to a micro-eleciro-mechanical system having specific element structure assembly, classified in 
class 359, subclass 290. 

Group n, claims 19-21, drawn to a micro-electro-medianical system having specific moveable stage assembly, classified in 
class 359, subclass 290. 

The inventions listed as Groups I and II do not relate to a single inventive concept under PCT Rule 13. 1 because, under 
PCT Rule 13.2. they lack the same or corresponding special technical features for the following reasons: Patentabihty of 
each invention does not depend on patentability of the other invention. Each invention has acquired a separate stams in the 
art because of dieir divergent subject matter as pointed out above. 



4. Consequentiy, the following parts of the international application were the subject of international preliminary examination 
in establishing this report: 



pc] all parts. 

I [ the parts relating to claims Nos. 
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V. R as ned statement under Article 35(2) ivith regard to novelty, inventive step or industrial applicability; 
citations and xplanati ns supporting such statement 



I . statement 

Novelty (N) Claims 1;21 YES 

Claims NONE NO 

Inventive Step (IS) Claims 1:21 YES 

Claims NONE ■ NO 

Industrial Applicability (lA) Claims 1:21 YES 

Claims NONE NQ 



2. citations and explanations (Rule 70.7) 

Claims 1-21 meet the criteria set out in PCT Article 33(2) -(3), because, vis-a-vis the invention of Group I, the prior art does 
not teach or fairly suggest the lateral movement of the actuator medianism that is formed on an integrated MEMS chip, the 
pivotal coupling of an element structure to the integrated MEMS chip, and the moveable coupling of the element structure to 
the actuator mechanism. Nor does it teach or fairly suggest the pivotal movement of the element structure to an upright 
position so that an optical element of the element stmcture optically internets with an iiqwt light beam. For the invention of 
Group n, the prior art fails to teach or fairly suggest that a movee^Ie stage that is formed on an integrated MEMS chip is 
^edly coupled to an actuator mechanism which itself is formed on the integrated MEMS diip, the moveable stage to which 
an element stmcture is coupled being configured to be moved on the integrated MEMS diip. 

Claims 1-21 meet the criteria set out in PCT Article 33(4), because the claimed invention can be made or deemed useful in 
industry. 



NEW CITATIONS 

US 5,745,281 A (YI et al) 28 April 1998, see column 3, line 8, to oohmm 13, line 51. 
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PA' MT COOPERATION TREAP 

From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 
(PCT Rule 61.2) 


To: 

Comnnissioner 

US Department of Comnnerce 

1 InitoH Qtatoe Patont anrl TraH^marlf 

Office, PCT 

201 1 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
13 March 2001 (13.03.01) 




International application Na 
PCT/USOO/16023 


Applicant's or agenf s file referenoe 

FP68677/SMK 


International filing date (day/month/year) 
09 June 2000 (09.06.00) 


Priority date (day/month/year) 
11 June 1999 (11.06.99) 


Applicant 

CHIAO, Jung, Chih 



1. The designated Office is hereby notified of its election made: 

)(1 in the demand filed with the International Preliminary Examining Authority on: 

11 January 2001 (11.01.01) 



I [ in a notice effecting later election filed with the International Bureau on: 



2. The election . | X | 

□ 



was 
was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





The International Bureau of WlPO 
34, chemin des Colombetles 
121 1 Geneva 20, Switzeriand 

Facsimile No.: (41-22) 740.14.35 


Authorized officer 

Claudio Borton 

Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) 
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INTERNATIONAL SEARCH REPORT 




International application No. 

PCT.'lJSOO/ 16023 



A. CLASSIFICATION OF SUBJECT MATTER 
iPC(7) :G02B 26/00, 27/10 

US CL :359/290, 618. 855. 385/14,47.49; 372/92 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 


Nfinimum documentation searched (classification svsiem followed bv classification symbols) 
U.S. : 359/290,618.855.629. 227, 230.295. 856.849; 385/14. 47.49,43,4; 372/92 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
WEST: micro NEAR3 mechanical and actuatS3 and multiplexS3 and demultiplex$3 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A.P 


us 5,995,688 A (AKSYUK et al) 30 November 1999, (30/11/99) 
col. 2, line 59 to col. 7, line 63. 


1-21 


A,P 


US 6,034,807 A (LITTLE et al) 07 March 2000, (07/03/00) col. 5, 
line 42 to col. 10, line 23. 


1-18 


A 


US 5,903,393 A (KALIBJIAN) 11 May 1999,(11/05/99) col. 4, line 
48 to col. 9, line 45. 


13-18, 21 


A 


US 5,1 19.454 A (McMAHON) 02 June 1992, (02/06/92) col. 4, line 
46 to col. 8, line 19. 


13-18, 21 


1 x| Further documents are listed in the continuation of Box C 


1 1 See patent family annex. 




* Special categories of ctted documents: 

'A' document defining the general suie of the an which is not considered 
to be of particular relevance 

'E' earher doctiment published on or after the international filing date 

*L* document which may throw doubts on priority ctaim(s) or which is 
cited to esubiish the publicauon date of another citauon or other 
ipecial reason (as specified) 

'O" document referring to an oral disclosure, use. exhibition or other 
means 

'P* document published prior to the mtemational filing date but later than 
the priority date claimed 


*T* later document published after the international filing date or priority 
date and not in conflict with the apphcauon but ctted to understand 
the principle or theory underlying the invention 

'X' document of particular relevance, the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive iiep 
when the document is taken alone 

' Y" document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with cne or more other such documents, such combinauon 
being obvious to a person skilled in the art 

*&' document member of the same patent family 


Date of the actual completion of the international search 
28 SEPTEMBER 2000 


Date of mailing of the international search report 

18 OCT 2000 


Name and mailing address of the ISA/US 
Commissioner of Patents and Tradenuulcs 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-7724 


Authonzed officer^ 

^ LOHABEN J^J>/{j:^SC^^ 
f cicphonc No. v7b3O08-4820 
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant lo claim No. 



US 4,823,357 A (CASEY) 18 April 1989, (18/04/89) col. 3, line 
61 to col. 8, line 7. 



1-21 
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Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article l7<2Xa) for the following reasons: 
1 [ I Claims Nos.: 

because they relate to subject maner not required to be searched by this Authoritv*. namely: 



2. 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out. specifically: 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This Internationa! Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet 



I I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 



claims. 



2. I X| As all searchable claims could be searched without effort justifying an additional fee. this Authority did not invite payment 

of any additional fee. 

3. I I As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4- I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

\ I No protest accompanied the payment of additional search fees. 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. 

Group I. claims 1-18. drawn to a micro-electro-mechanical system having specific element structure assembly, classified 
in class 359. subclass 290. 

Group 11. claims 19-21, drawn to a micro-clcctro-mcchanical system having specific moveable stage assembly, classified 
in class 359, subclass 290. 

The inventions listed as Groups I and II do not relate to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: Patentability of 
each invention does not depend on patentability of the other invention. Each invention has acquired a separate status in 
the art because of their divergent subject maner as pointed out above. 
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NOTES TO FORM PCr/lSA/220 



Thcs« Notes are intcoded to five the basic instnicuons ooooeraifif Ibc filiof o^ tmcodaMfla under Aittde 19. The 
Noces arc baaed oo ihe fcquiremcAts of the Patent CbopcntioQ Treaty and o( the Prratairnni iod ttie Admiaistritiv^ 
Inscniaioas under that Ticaty . In cue of discrepancy between these Notes and those fcqtmcBcoti, the lancr ate applicable 
For ODOfc deiaiied infoimatioii, see also the PCT Appltcaot -s Guide, a publicitkM of WtPO. 

la these Holes, -AitkkJ, *Rute* and *Secii0Q* icfcr 10 the proviso 
Adounsintjic bMnietet, icspectiveiy. 



INSTRUCnONS CONCERNING AMENDMENIS UNDER ARHCUE If 

Aedaiatoribe 
btMteOy 
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k efaeiM be enp^aslaod that ptomkod pniiecdoa 

Wk«C perls ef Cbc teUnMOottel eppUoa<le«i any be 





The deacriptioa tod the 
CbepcerIL 




Wbetv Mt le me the 



Ike emfitflnfKrti may only be Clod with the Inicmatwoal Bufctu tod aoc with ihe ieaeM«c OfSoe or ibc 
' Seeidhlac AMbociqr gude 4C«^ 



Wheiee 

HowT Eitebyonodli0fOQeorooceciitiiedeiaK,lqri4dfa«oaeerBOcett^ 
oC the cUime «a Cled. 

be eoboMod for eech ebecc of Ibe cUm wWcfa, OO a«e^^ 



All the cUima appeeriag oo « rcplaormfot aheet mmt be oumbeied in Artbtc Bumerak. Where a datm is 
cMMeiledvOoreaumberiac of the Other cUtms is required. la all cases wberecUtois are renumbered, they must 
be ■cmwibctod oooaec t Mivdy (Adauntftretire Instmctiooa, Seodoa 20S(b)). 



Whee docMMta m«a<^My oeeoapuiy the ameiidmeata ? 

Letter (S^cdom 205(b)): 

Ibe aacBdmeoti muit be aubinitied with e leoer. 

Tbe letter will not be published with the iistematiocul applicatioo and the arwmdod daims. it should ooc be 
confowdod with the ^Statement tMider Anide 19(1)' (see bdow, uitder ^tateaient under Aitide 19(1)*). 

The letter must indicate the differeaoes between the daims as filed and the datma es amended. U mtist« in 
panicular, indicate, in oonaeotion with each daim appearing in the tntematMnal applioatioa(it betagtmderstood 
that identical indicatioos ooooeming acveril daims may be grouped), whether 

(i) the daim is unchanged; 

(ti) tbc daim is caocxlled: 

(iii) Ibc daiin is ocw; 

(iv) the da iffl replaces one or na ore cJi I ms as filed; 

(v) ihe daim is the result of the divisioo o( a datm as filed. 
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